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INTRODUCTION 


Usually,  whan  a  component  or  structure  is  designed  to  withstand  high 
loads,  e.g.,  a  gun  tube,  there  will  be  a  mechanical  property  test  included 
to  measure  notch  toughness*  Regardless  of  the  type  of  specimen  used,  the 
general  purpose  of  the  various  kinds  of  notch  toughness  tests  is  to  model 
the  behavior  of  actual  structures  so  that  the  laboratory  test  results  can 
be  used  to  predict  service  performance.  A  common  feature  of  these  toughness 
tests  is  to  produce  fracture  in  steels  under  carefully  controlled  laboratory 
conditions.  Hopefully,  the  results  of  the  tests  can  be  closely  related  with 
service  performance  to  establish  levels  of  material  property  acceptance,  e.g. 
military  specifications  for  gun  tube  components.  However,  the  basic  draw¬ 
back  of  such  tests  is  that  the  results,  which  are  usually  expressed  in 
terms  of  energy,  fracture  appearance,  or  deformation,  cannot  be  translated 
into  quantitative  design  and  engineering  parameters  such  as  fatigue  life  or 
tolerable  flaw  size. 

The  development  of  linear  elastic  fracture  mechanics  (LEFM)  makes 
it  possible  to  characterize  the  fracture  behavior  in  structural  parameters 
that  can  be  used  directly  by  the  engineer,  namely,  stress  and  flaw  size. 

LEFM  will  be  described  and  explained  more  fully  later,  but  a  number  of 
pertinent  points  may  be  set  out  here.  LEFM  is  based  on  a  stress  analysis  and, 
thus,  does  not  depend  on  the  use  of  extensive  service  experience  to  translate 
laboratory  results  into  practical  design  information.  The  results  of  an  LEFM 


*Notch  toughness  is  defined  as  the  ability  of  a  material  to  absorb  energy, 
usually  when  loaded  dynamically,  in  the  presence  of  a  flaw,  whereas  toughness 
of  a  material  Is  defined  as  the  ability  of  a  smooth  member  (un-notched)  to 
absorb  energy,  usually  when  loaded  slowly. 
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analysis  for  a  particular  application  will  yield  the  combinations  of  stress 
level  and  flaw  size  that  would  be  required  to  cause  fracture  or,  conversely, 
the  stress  level  which  can  be  tolerated  without  danger  of  fracture.  In 
addition,  fracture  mechanics  can  be  used  to  analyze  the  growth  of  small  cracks 
(by  stress  corrosion  cracking,  corrosion  fatigue,  or  fatigue)  to  critical  size. 
Conceptually,  the  engineer  can  then  quantitatively  establish  allowable  stress 
levels  and  inspection  requirements  so  that  fractures  cannot  occur.  Additionally, 
fracture  mechanics  can  take  into  account  the  effect  of  temperature  and  loading 
rate  on  stress  structures  which  contain  flaws. 

Therefore,  fracture  mechanics  has  several  very  definite  advantages 
compared  witn' traditional  notch  toughness  tests  and  offers  the  designer, 
who  has  a  foreknowledge  (or  estimate)  of  stress  and  flaw  size,  a  method  for 
quantitatively  designing  to  prevent  brittle  fracture  in  gun  tubes. 

Besides  aiding  the  designer,  LEFM  has  the  potential  to  aid  the  quality 

control  engineer  to  ensure  a  fracture-safe  component.  However,  LEFM  is 

limited  in  this  respect  for  several  reasons.  The  cost  of  machining,  fatigue 

pre-cracking,  and  testing  of  a  Kj  specimen  and  the  size  requirements  necessary 

c 

to  insure  valid  Kjc  test  results,  render  the  test  impractical  as  a  quality 
control  tool.  Consequently,  the  need  exists  to  correlate  data  with  test 
results  obtained  with  less  costly  conventional  mechanical  property  specimens. 

The  most  commonly  used  is  the  Charpy  V-notch  test  because  the  test  is  conducted 
rapidly,  is  inexpensive,  and  the  specimens  are  relatively  easy  to  obtain. 

Various  correlations  can  be  developed  if  the  limitations  of  the  types  of 
tests  involved  are  understood.  While  no  theoretical  basis  exists  for  most 
of  the  correlations,  some  conceptual  basis  is  provided  by  similarities 
between  fracture  toughness  and  other  mechanical  property  tests.  Thus, 


an  understanding  of  the  tests,  what  their  measurements  represent,  and  what 
variables  influence  the  tests  is  important  to  obtain  before  developing  or 
analyzing  a  correlation  between  the  two  tests. 

LEFM 

The  purpose  and  usefulness  of  LEFM  has  already  been  discussed.  This 
section  defines  and  discusses  the  subject  in  more  detail  and  presents 
what  factors  Influence  the  fracture  toughness  of  a  material  as  defined  by 
LEFM.  It  is  intended  as  an  overview  and  may  be  passed  over  by  those 
•  familiar  with  the  subject. 

To  borrow  a  definition  from  Barsom  and  Rolfe: 

"LEFM  technology  is  based  on  an  analytical  procedure  that 
relates  the  stress-field  magnitude  and  distribution  in  the 
vicinity  of  a  crack  tip  to  the  nominal  stress  applied  to  the 
structure,  to  the  size,  shape,  and  orientation  of  the  crack 
or  crack-like  discontinuity,  and  to  the  material  properties." 

The  underlying  principle  of  the  LEFM  is  that  stress  is  intensified 

at  the  tip  of  a  crack  and  may  be  expressed  as  a  stress  intensity  factor,  K. 

The  general  stress  intensity  factor  relation  may  be  expressed  as 

K  *>  f(g)  a  where 

K  =  stress  intensity,  (KSI  /  in) 

f(g)  =  a  parameter  which  depends  upon  the  geometry  of  the  crack  and 
the  stressed  member. 

a  -  applied  nominal  stress  (KSI) 
a  =  crack  length  (in) 

A  second  underlying  principle  of  fracture  mechanics  is  that  unstable 
fracture  occurs  when  the  stress-intensity  factor  at  the  tip  of  a  crack 
reaches  a  critical  value,  Fc»  which  is  a  material  property.  Thus,  these 


two  principles  establish  three  primary  factors  which  control  the  suscepti¬ 
bility  of  a  structure  to  brittle  failure  and  which  may  be  set  into  a  simple 
mathematical  relation.  These  are  material  toughness,  the  crack  (size, 
geometry,  and  rrientation) ,  and  the  nominal  applied  stress.  Other  factors, 
e.g.  loading  rate,  temperature,  etc.  simply  affect  the  three  primary  factors. 

We  are  usually  concerned  with  an  applied  tensile  nominal  stress,  either 
by  tensile  loading  or  by  a  bending  moment.  For  a  tensile  displacement  (Mode  I 
deformation)  and  for  small  crack  tip  plastic  deformation  (plane-strain 
conditions),  the  critical  stress  intensity  factor  for  fracture  instability 

is  designated  Ky  .  This  represents  the  inherent  ability  of  a  material  to 
xc 

withstand  a  given  stress  field  intensity  at  the  tip  of  a  crack  and  to 
resist  progressive  tensile  crack  extension  under  plane-strain  conditions, 
i.e. ,  Kt  represents  the  fracture  toughness  of  the  material. 

X  n 

There  are  two  useful  ways  of  visualizing  the  concept  of  KT  stress 

c 

intensity  relation.  First,  there  is  an  analogy  between  the  applied  load  (P), 

nominal  stress  (cr),  and  yield  stress  (av_)  in  an  unflawed  structural  member 

and  among  the  applied  load  (P),  stress  intensity  (Kj)  and  critical  stress 

intensity  for  fracture  (Kjc)  in  a  structural  member  with  a  flaw.  In  an 

unflawed  structural  member,  as  the  load  is  increased,  the  nominal  stress 

increases  until  an  instability  (yielding  at  o^g)  occurs.  As  a  load  is 

increased  in  a  structural  member  with  a  flaw,  the  stress  intensity,  K, 

increases  until  an  instability  (fracture  at  KT  )  occurs.  A  second  visualize  - 

xc 

tion  is  that  for  a  given  material  toughness,  as  defined  by  LEFM,  there  are  many 
combinations  of  stress  and  flaw  size  which  will  result  in  fracture  as  shown 

in  the  schematic  diagram  below: 


a 

Crack  Length  Figure  1 


Schematic  relation  between  stress,  flaw  size,  and  material  toughness 

This  diagram  reflects  that  if  a  tougher  steel  is  used,  (steel  2),  the 
tolerable  flaw  size  increases  significantly,  particularly  at  lower  applied 
nominal  stress  levels.  This  is  a  reflection  of  the  one  half  power  dependence 
of  Kjcupon  a,  the  crack  size. 


The  value  of  Kjc  is  not  only  dependent  upon  the  type  of  steel,  but 
it  is  also  a  function  of  temperature,  loading  rate,  and  constraint.  A 


schematic  diagram  illustrating  the  effect  of  temperature  and  loading  rate 
upon  fracture  toughness  is  shown  below: 


Fracture 

Toughness 


Temperature  Figure  2 

Schematic  illustration  of  change  in  Kjc  and  with  temperature. 


These  graphs  show  that,  in  general,  fracture  toughness  decreases  with 
increasing  loading  rate  as  evidenced  by  Kjc,  KID,  and  decreasing  temperature. 
Figure  2  also  displays  the  effect  of  a  transition  temperature,  i.e.  at  a 
particular  temperature,  the  rate  of  change  of  with  temperature  increases. 
This  transition  temperature  is  usually  associated  with  a  change  from  cleavage 


to  ductile  tear.  Additionally,  a  second  transition  with  temperature  exists. 
This  is  a  transition  in  stress  state  from  plane-strain  to  plane-stress  as 
the  constraint  at  the  crack  tip  decreases  due  to  crack  tip  blunting. 

Notch  toughness  in  an  LEFM  test  also  increases  as  constraint  increases. 
Take,  for  example,  a  test  bar  loaded  in  tension  with  a  single  edge  notch. 

At  the  tip  of  the  notch,  the  plastic  zone  can  increase  in  size  only  if 
contraction  occurs  in  the  lateral  direction.  This  lateral  contraction  is 
constrained  by  the  surrounding  elastically  stressed  material  which  deforms 
to  a  smaller  extent  than  a  plastically  deformed  volume  of  material.  Thus, 
the  material, in  the  plastic  zone  is  constrained  by  reactive  stresses 
leading  to  a  triaxial  state  of  stress  which  reduces  the  shearing  stresses* 

The  result  js  a  restriction to  plastic  flow  as  shown  in  the  schematic  diagram 
below  of  a  flow  stress  curve: 
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Thus  constraint  is  increased  by  a  sharper  notch  (smaller  plastic  zone) 

or  by  a  thicker  specimen  (greater  volume  of  elastically  deformed  material) . 

CVN:  In  contrast  to  fracture  toughess  testing,  the  Charpy  V-notch  impact 

toughness  testing  procedure  is  well  known  and  the  results  easily  interpreted. 

Instead  of  describing  the  test,  it  is  more  practical  to  compare  the  usefulness  of 

the  test  with  LEFM.  Although  it  is  frequently  used,  there  are  many  valid  criticisms 

of  this  test  in  comparison  with  the  test.  These  are  its  blunt  notch,  its 

c 

small  size,  its  non-differentiation  between  crack  initiation  and  crack 
propagation.  However,  the  Charpy  V-notch  test  is  fast,  inexpensive,  commonly 
accepted,  and  easy  to  conduct.  These  attributes  render  the  test  ideal  for 
correlation  purposes. 

Further,  the  following  observations  from  several  investigations  suggest 
that  it  is  possible  to  establish  empirical  correlations  between  KIc  and  CVN 
test  results; 

1.  Clausing  showed  that  the  state  cf  stress  at  fracture  initiation  in 

the  CVN  Impact  specimen  is  plane-strain,  which  is  the  state  of  stress  in  a 

thick  K-r  specimen.  1 
c 

2.  Holloman  has  shown  that  for  the  dimensions  used  in  the  CVN  specimen, 
the  maximum  possible  lateral  stress  is  obtained,  indicating  a  condition 
approaching  maximum  constraint. 2 

3.  Barsom  and  Rolfe  established  that  the  effect  of  temperature  and 

rate  of  loading  on  CVN  and  KT  is  the  same. ^ 

ic 

4.  In  the  upper  shelf  region  the  effects  of  loading  rate  and  notch 

4 

acuity  are  not  so  critical  as  in  the  transition  temperature  region. 

These  statements  provide  the  conceptual  basis  for  the  investigation 
outlined  below: 


References  are  listed  at  the  end  of  this  report 


PROCEDURE 


Fracture  toughness  tests  were  conducted  for  the  following  sets  of 
material  obtained  from  105mm  M68  gun  tubes.  The  tests  were  conducted 
according  to  ASTM  Standard  for  C-shaped  Kj  specimens,  E399-79 

G 

1.  Cabot  ESR  -  rotary  forged  -  muzzle  and  breech 

2.  Cabot  VD  -  rotary  forged  -  muzzle  and  breech 

3.  Cabot  VD  -  conventionally  forged  -  breech 

4.  National  Forge  VD  -  rotary  forged  -  muzzle  and  breech 

Other  mechanical  property  data  (tensile  strength,  Charpy  impact, 

%RA)  were  .collected  and  tabulated  for  these  sets  of  steel.  This  data  is 
presented  in  the  Appendix. 

Now  the  problem  becomes  one  of  developing  a  correlation  between  Kjc 
and  CVN  data  apd/or  other  mechanical  property  data.  When  one  is  faced  with 
developing  a  relationship  between  sets  of  data,  the  statistical  procedure  is 
two-step : 

1.  Choosing  the  appropriate  form  of  the  relationship. 

2.  Determining  how  much  confidence  one  can  place  in  the  predicted 
response  of  the  relationship. 

The  form  of  the  relationship  may  be  chosen  on  the  basis  of  the  square 

9  2 

of  the  correlation  coefficient,  R*  (R  x  100  may  be  defined  as  the  percent  of 
variation  explained  by  the  regression  model)  or  theoretical  expectations 
on  what  the  form  of  the  relationship  should  be,  e.g.,  an  Arhennius  relation¬ 
ship  for  energy  activated  phenomena.  In  this  investigation  several  differ¬ 
ent  models  were  investigated,  conceptual  in  nature  as  well  as  strictly 
empirical.  Confidence  tests  were  performed  on  the  regression  model  para¬ 
meters  and  the  predicted  response.  Additionally,  the  data  and  regression 
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'residuals  were  examined  to  determine  the  validity  of  a  Gaussian  distribution 
and  where  improvements  might  be  made  in  the  correlation. 

RESULTS  AND  DISCUSSION 

The  models  that  the  data  were  fitted  to  are  presented  in  Table  I. 

The  independent  variables  were  -40°F  and  70°F  Charpy  impact  toughness 
(-40°F  CVN  and  70°F  CVN,  respectively),  0.1%  offset  yield  strength  (YS)  and 
percent  reduction  in  area  (R.A.).  The  nonlinear  models  were  transformed  into 
linear  equations  by  use  of  natural  logarithmic  transformations.  Note  that 
this  transformation  assumes  the  transformed  residuals  distributed  normally 
as  well.  The  data  from  all  sets  of  material  was  lumped  together  in  this 
evaluation  of  models.  Note  that  the  last  two  models  are  linear  and  multiple 
regression  models  utilizing  the  same  equation. 


V 


5  [CVN  -  Py8]  or  rearranging  terms 

T  20 

ys 


KT  2  «  5  CVN  a  -  .25  ovcs2 

ys  YS 


ys 


This  is  the  Barsom-Rolfe  upper  -shelf  correlation  between  K-^and  room 
temperature  Charpy  impact  toughness  and  0.1%  offset  yield  strength.  On  the 
basis  of  the  square  of  the  correlation  coefficient  and  the  conceptual 
relationship  between  the  independent  and  dependent  variables,  the  best  model 
was  chosen.  By  looking  at  Table  I  it  is  seen  that  the  Barsom-Rolfe  correla¬ 
tion  is  the  "best”  model  for  this  set  of  data.  This  relation  holds  for  steels 
with  yield  strengths  greater  than  100  Ksi.  It  appears  to  hold  for  a  wide 
number  of  steels  and  toughness  ranges. ^  Part  of  the  atractiveness  of 
utilizing  this  relation  is  that  it  appears  to  have  some  theoretical  basis. 
Paris**  states: 

"This  paper  (J.  Integral)  finally  explains  the  reasonableness 
of  the  Barsom-Rolfe  correlation  of  upper-shelf  Charpy  values,  CVN,  with 


10 


TABLE  I 


VARIOUS  REGRESSION  MODELS 


n 

R2 

II 

u 

CVN  (-40°F)  +  b2 

83 

.124 

Kt  1* 
Ac 

b1  CVN  (70°F)  +  b2 

83 

.112 

KIc  ' 

bl  °IS  +  b2 

83 

.132 

"ic- 

R.A.  +  b2 

83 

.012 

KI  ■ 

bl  0YS  b2  R‘A*  b3 

83 

.347 

KI  = 
Ac 

bx  aYg  b2  CVN  (70°F)  b3 

83 

.142 

kt  = 

lc 

bl  aYS  b2  ^  b3 

83 

.024 

II 

fj 

M 

W 

b  (aYg  R.A. )b2  CVN  (70°F)  b3 

83 

.138 

h  ’ 

Lc 

bl  °YS  +  b2  CVl'  t70®*)  +  b3 

83 

.420 

Kt  * 
J-c 

bl  °YS  +  b2  b3 

83 

.144 

Ki  = 
Ac 

\l  5  aYS  CVN  -  ff  2  ]l/2  +  b2 

83 

.634 

sc 

b3  (B.R.  KIc)  +  b2 

KIc2‘bl  °YS  +  b2  °YS  2  +  b3 
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Kj  numbers;  that  is, 


t  •:  / 
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fM 

in 

gv-j 

fm 

Es?* 


KIc2 


=  _5_  CVN  -  gys 
20 


ys  ys 

This  equation  relating  CVN,  a  limit-load  relating  energy 
parameter,  to  KT  is  not  only  now  acceptable  but  is,  for  us,  in  agreement 
with  the  J-failure  criteria." 

At  this  point  it  was  decided  to  perform  a  stepwise  regression  analysis 

using  the  Barsom-Rolfe  relation  (Kj^2  -  5CVN0yS  -  .250^2)  as  well  as  a  simple 

linear  regression  of  with  a  predicted  by  the  Barsom-Rolfe  relation 

(B.R.Kt  ).  With  the  former  analysis  the  coefficients  of  the  regression 
■Lc 

equation  utilizing  the  data  could  be  compared  with  those  of  Barsom-Rolfe. 

The  second  regression  of  Kr  with  KT  predicted  by  Barsom-Rolfe  relation, 

xc  Ac 

is  simpler  in  form,  allows  confidence  envelopes  of  the  predicted  response 

to'' be  plotted,  and  expresses  the  relationship  in  understandable  units. 

The  results  of  the  stepwise  regression  analysis  are  presented  in  Table 

II,  separated  on  the  basis  of  steel  producer,  refining  process,  forging  process, 

and  location  in  the  tube.  Ninety  percent  confidence  levels  and  partial 

F-tests  for  the  coefficients  are  presented  in  the  Appendix.  In  all  the 

regression  equations  presented  in  Table  II,  it  is  possible  for  the  confidence 

interval  chosen  that  the  0_„ 2  coefficient  could  be  -0.25  as  in  Barsom-Rolfe 

equation.  However,  the  CVN  0yg  coefficient  and  constant  term  did  not  match 

the  Barsom-Rolfe  coefficients.  However,  no  statistical  analysis  was  performed 

upon  the  data  used  by  Barsom-Rolfe  in  formulating  the  coefficients  of  the 

Barsom-Rolfe  relation. ?  Thus,  there  are  no  confidence  levels  on  their 

parameters,  and,  therefore,  without  further  information  it  is  not  possible 

to  conclusively  state  that  the  difference  in  the  0„e 2  coefficients  is 

ya 


TABLE  II 


STEPWISE  MULTIPLE  REGRESSION  MODEL  RESULTS 


B.R.  Model 

Klc2  = 

5CVN°yS  - 

95  o  2 

YS 

n 

R2 

C/ESR/RF/M 

Klc2  - 

.03CVN°ys 

- 

.58  °YS2  +  7130 

9 

.93 

C/ESR/RF/B 

Klc2  - 

.03CVN°ys 

- 

.24  °YS2  +  4290 

10 

.71 

C/VD/RF/M  . 

Klc2  " 

.04CVN°ys 

- 

.3.7  °YS2  -  7855 

20 

.77 

C/VD/RF/B 

Klc2  = 

. 02CVN°YS 

- 

.32  °YS2  +  8764 

20 

.72 

C/VD/CF/B 

Klc2  " 

.03CVNffys 

+ 

2.0  °YS2  -  65050 

12 

.59 

NF/VD/RF/M 

Klc2  * 

.oicvn0ys 

- 

1.19°ys2  +  35395 

9 

.94 

NF/VD/RF/B 

if  2  _ 

KIc  ~ 

.03CVN°ys 

+ 

2739 

3 

.997 

MUZZLE 

Klc2  - 

. 03CVN°ys 

- 

.27  0YS2  +  1807 

38 

.81 

BREECH 

Klc2  = 

.01CVN°ys 

- 

.°80YS2  +  9204 

45 

.48 

ALL  DATA 

Klc2  = 

,O2CVN0ys 

+ 

.15  °YS2  -  2928 

83 

.64 

C  -  Cabot 

NF  -  National  Forge 

ESR  -  Electro  Slag  Refined 

VD  -  Vacuum  Degassed 

RF  -  Fotary  Forged 

CF  -  Conventionally  Forged 

B  -  Breech 

M  -  Muzzle 


significant.  Secondly,  the  analysis  deals  with  data  in  a  fairly  narrow 

range  (160  -  180  Ksi  Y.S.,  15-30  ft.  lbs.  CVN,  105  -  135  Ksi  /in  KT  ). 

J-c 

The  data  of  Barsom-Rolfe  represented  a  number  of  steels  and  thus  the 
coefficients  between  sets  of  different  steels  may  be  expected  to  differ 
although  the  basic  form  of  the  relationship  may  still  hold.  A  second  point 
to  be  made  is  that  the  muzzle  data  shows  much  better  fit  to  the  B-R  model. 

The  reason  for  this  is  not  clear. 

Table  III  presents  the  results  of  regressing  the  B-R  predicted  with 
the  actual  Kjc  measurement.  Ninety  percent  confidence  envelopes  about  the 

predicted  response  are  shown  in  Figures  4-13.  The  results  of  this  regression 
analysis  support  the  results  of  the  stepwise  analysis.  That  is,  the 
coefficients  (except  in  the  first  three  and  the  "muzzle"  regression  equations) 
do  not  match  those  of  the  Barsom-Rolfe  relation.  Aeain  the  muzzle  data 
showed  a  better  fit  to  the  Barsom-Rolfe  equation  than  the  breech  data. 

A  third  computer  program  was  utilized  to  examine  the  residuals  (see  the 
Appendix  for  the  results).  This  examination  showed  that  the  assumption  of 
Gaussian  distribution  of  errors  is  acceptable.  This  regression  analysis 
also  forced  the  constant  term  to  zero  in  order  to  again  compare  the  constants 
with  those  of  Barsom-Rolfe  relation.  This  analysis  supported  the  results 
of  the  simple  linear  regression  analysis,  i.e.,  only  the  muzzle  regression 
coefficients  could  possibly  be  that  of  Barsom-Rolfe  relation. 

At  this  point  in  the  discussion  it  is  prudent  to  note  several  cautions 
involving  the  statistics  used  and  their  interpretation.  First,  linear 
regression  does  not  give  cause  and  effect  statements,  only  a  relationship 
between  data  sets.  Second,  one  may  fit  a  more  accurate  equation  between  sets 
of  data  by  using  more  terms  in  the  equation,  but  there  may  be  considerable 
error  involved  in  extrapolating  the  results  outside  the  range  of  data  or  applying 
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TABLE  III 


LINEAR  REGRESSION  MODEL  RESULTS 


B.R.  Model 

KIc 

KIc 

C/ESR/RF/M 

KIc 

C/ESR/RF/B 

Kic 

C/VD/RF/M 

Klc 

C/VD/RF/B 

KIc 

C/VD/CF/B 

KIc 

NF/VD/RF/M 

KIc 

NF/VD/RF/B 

Klc 

MUZZLE 

Kic 

BREECH 

Kic 

ALL  DATA 

Klc 

(5PCVN  YS  -  -£->1/2  +  0 

KIc  (BR)  +  0 

1-09  Kj^BR)  -  8.7 
.75  KIc(BR)  +31.4 
1.30  KIc(BR)  -  23.1 
.72  KIc(BR)  +  43.8 
.50  KIc(BR)  +  63.1 
.55  KIc (BR)  +45.8 
.61  KIc (BR)  +74.2 
.98  KIc(BR)  +  8.5 
.38  KIc(BR)  +79.9 
.65  KIc(BR)  +45.7 


Fig.  4.  REGRESSION  OF  B.R.  Kjc  UPON  Ki  WITH  90% 

CONFIDENCE  ENVELOPES 

Cabot,  ESR,  rotary  forged,  breech  data. 
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Zj 

C/E5R/RF/8 

T  =3 i , 4476  +  0. 74S i  X 
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*1  -  - Hi wur#fa»>*ar 


Fig.  S.  REGRESSION  OF  B.R.  Kic  UPON  Kic  WITH  90%  CONFIDENCE  ENVELOPES; 
Cabot,  ESR,  rotary  forged,  mizzle  data. 
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Fig.  8.  REGRESSION  OF  B.R.  Kiq  UPON  K ic  WITH  90%  CONFIDENCE  ENVELOPES 
Cabot,  Vacuua-Degassea,  conventionally  forged,  breech  data. 
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Y  =63. 1387  +  U. 4969  X 


Pig.  9.  REGRESSION  OF  B.R.  Kic  UPON  Kic  WITH  90%  CONFIDENCE  ENVELOPES; 
National  Forge,  Vacuum-Degassed,  rotary  forged,  muzzle  data. 
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the  equation  to  different  data  sets.  By  doing  this  you  are,  in  effect, 
applying  an  equation  to  fit  the  data,  not  applying  data  to  an  equation 
which  has  a  conceptual  basis  and  which  could  be  used  for  predictive 
purposes . 

Model  fitting  and  statistical  tests  are  difficult  to  apply  to  mechanical 
property  test  results  of  material  systems.  You  are  measuring  properties 
which  are  a  function  of  many  variables  (e.g. ,  chemical  composition,  refining 
process,  thermomechanical  processing,  location  of  specimen  within  tube,  etc.) 
and  many  of  these  are  not  independent  and  thus,  interaction  terms  are  present. 
Many  of  these  variables  are  uncontrollable  or  unknown  and  thus,  the  measure 
of  a  particular  quantity  may  have  considerable  scatter.  Further,  regression 
analysis  assumes  no  error  is  involved  in  mechanical  test  measurement  and 
this  is  not  true.  Thus,  while  statistics  and  model  fitting  are  a  powerful 
tool  in  addressing  this  type  of  problem,  there  is  also  the  potential  to 
misinterpret  results. 

For  example,  the  Barsom-Rolfe  correlation  gives  a  reasonable  correlation 

to  predict  KIc  on  the  basis  of  tensile  and  Charpy  V-notch  data.  The  accuracy 

of  the  KT  correlation  is  analogous  to  the  correlations  among  tensile  strength, 
c 

yield  strength,  X  FA  and  hardness  in  martensitic  steels.  It  may  be  used  as  a 
rough  guide  but  not  to  predict  a  value  within  a  few  percents  of  its  true  value. 

As  shown  in  Figures  4-13  this  correlation  cannot  be  used  to  confidently  predict 
Kjc  more  closely  than  +  6  -  18%  of  the  actual  value,  depending  upon  the  data 
set.  Even  in  these  cases,  the  correlation  may  be  expected  to  exceed  the  limits 
one  out  of  ten  times.  For  a  critical  application  such  as  gun  tubes  this  con¬ 
fidence  level  should  be  99%,  which  would  greatly  expand  the  confidence  envelopes. 


26 


A  question  to  be  asked  now  is,  can  improvements  be  made  in  this 

correlation  or  in  developing  another  correlation?  Improvements  in  the 

Barsom-Rolfe  correlation  might  include  improving  data  measurement,  e.g., 

recalibrating  equipment  to  reduce  measurement  error. 

Developing  a  correlation  based  on  ther  mechanical  property  tests  again 

requires  comparing  the  KT  test  specimen  with  other  test  specimens  and  test 

■•■c 

conditions.  To  reiterate,  the  principal  variables  in  LEFM  are  temperature, 
loading  rate,  and  by  definition,  the  state  of  stress.  The  first  two  are 
usually  controllable  with  any  specimen  type.  The  state  of  stress  at  the 
crack  tip  under  Mode  I  deformation  is  primarily  a  function  of  notch  acuity 
and  specimen  shape  and  size.  Thus,  a  better  correlation  might  be  developed 
by  fatigue  precracking  a  Charpy  specimen  and  slow  bend  testing  it  at  room 
temperature.  The  measured  value  of  W/A  (energy  absorbed  per  unit  distance 
of  crack  extension  measure  in  in. lb/in.)  could  conceivably  be  closely 
related  to  Kjc< 

Such  a  relation  which  has  been  explored  with  good  results  by  Ronald 
et  al®  involves  the  theoretical  equality  between  Kjc  and  Gjc,  the  critical 
strain  energy  release  rate 

Kx  2  «  Gt 
ic  lc 

1-D* 

Ronald  assumed  that  GT  ■  (W/A).  Combining  these  equations  results  in 

xc 

the  following  relation  between  Ki  and  W/A 


CONCLUSIONS /SUMMARY 

1.  The  Kt  fracture  toughness  test  provides  a  superior  measure  of  the 

xc 

resistance  of  a  steel  to  fracture  or  fatigue  failure  than  the  Charpy  V-notch 
test.  It  is  more  useful  than  the  Charpy  V-notch  because  the  results  can 
be  related  to  design  parameters.  However,  the  test  is  expensive. 

2.  Of  the  correlations  investigated  between  KT  and  conventional 

xc 

mechanical  property  tests,  the  Barsom-Rolfe  upper-shelf  correlation 

provides  the  best  correlation  of  Kj  to  Charpy  V-notch. 

c 

3.  The  correlation  coefficients  of  Barsom-Rolfe  correlation  did  not  agree 
with  those  presented  in  the  literature. 

4.  The  variance  in  the  correlation  limits  the  prediction  of  KT  for  a 

■Lc 

particular  steel  to  +  6-18%  of  the  true  value. 

5.  Correlations  utilizing  other  types  of  test  specimens  may  be  possible 
but  would  require  extensive  testing  and  evaluation. 


REFERENCES 

1.  CLAUSING,  D.P.,  "Effect  of  Plane-Strain  Sensitivity  On  the  Charpy 
Toughness  of  Structural  Steels",  International  Journal  of  Fracture 
Mechanics,  6,  No.  1,  March  1970. 

2.  HOLLOMAN,  J.H.,  "The  Notched-Bar  Impact  Test",  Transactions,  American 
Institute  of  Mining,  Metallurgical,  and  Petroleum  Engineers,  158, 

1944,  pp.  310-322. 

3.  BARSOM,  J.M.  AND  ROLFE,  S.T.,  "Correlations  Between  Kj  and  Charpy  V-notch 
Test  Results  in  the  Transition  Temperature  Range",  In  impact  Testing  of 
Metals" ,  ASTMSTP466 .  American  Society  for  Testing  and  Materials, 
Philadelphia,  1970,  pp.  281-302. 

4.  MR SOM  J.M.  and  ROLFE.  S.T.,  Fracture  and  Fatigue  Control  in  Structure. 
Englewood  Cliffs,  New  Jersey:  Prentice-Hall,  Inc.,  1977. 

5.  Ibid,  p.  177. 

6.  PARIS,  P.C.,  discussion  of  paper  by  Begley  t.nd  Landes:  "The  J.  Integral 
as  a  Fracture  Criterion",  ASTMSTP514,  American  Society  for  Testing  and 
Materials,  Philadelphia,  1972. 

7.  BARSOM,  J.M. ,  Associate  Research  Consultant,  U.S.  Steel  Research 
Laboratory.  Telephone  conversation  July  1980. 

8.  RONALD,  T.M.F.,  HALL,  J.A.,  AND  PIERCE,  C.M. ,  "Some  Observations 
Pertaining  to  Simple  Fracture  Toughness  Screening  Tests  for  Titanium" 
AFML-TR-70-311,  Air  Force  Materials  Laboratory,  Payton,  March  1971. 


29 


CABOT  ESR 
ROTARY  FORGED 
105mm  Mo8 
BREECH 


TUBE 

Y.S. 

R.A. 

CVN 

(-40°F) 

CVN 

(R.T.) 

Ki 

c 

001 4B 

172  ksi 

46% 

25  ft-lbs. 

30  ft-lbs.  143  ksi  in. 

171 

44 

26 

31 

131 

001 5B 

175 

34 

28 

126 

175 

47 

20 

132 

0024T 

172 

47 

23 

23 

114 

172 

42 

22 

24 

120 

0025B 

172 

52 

30 

135 

175 

50 

32 

141 

0028B 

169 

45 

28 

136 

170 

44 

26 

137 

0030TH 

176 

42 

26 

31 

142 

176 

47 

27 

32 

140 

0030B 

172 

41 

25 

134 

170 

49 

24 

129 

0033T 

172 

44 

23 

24 

118 

174 

45 

22 

25 

119 

0033B 

175 

35 

24 

129 

174 

45 

20 

127 

0035BH 

171 

46 

28 

30 

136 

175 

45 

24 

29 

146 

0038T 

172 

46 

25 

124 

170 

49 

26 

122 

0042B 

170 

43 

22 

128 

170 

45 

23 

127 

0051 T 

176 

37 

22 

26 

119 

175 

45 

22 

25 

117 

A-2 


CABOT  ESR 
ROTARY  FORGED 
105mm  M68 
BREECH 
(Continued) 
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CABOT  VD 
ROTARY  FORGED 
105mm  M68 
MUZZLE 


TUBE 

Y.S. 

R.A. 

(-40°F) 

0662 

168  ksl 

43% 

21  ft-lbs 

168 

44 

20 

0663 

170 

40 

21 

172 

39 

20 

0665  . 

168 

43 

23 

167 

38 

23 

0666 

172 

40 

23 

175 

40 

21 

0669 

173 

39 

20 

171 

35 

20 

0670 

168 

40 

16 

170 

39 

17 

0672 

173 

37 

18 

169 

34 

17 

0677 

174 

37 

16 

173 

38 

16 

0679 

170 

39 

20 

171 

33 

18 

0680 

173 

41 

17 

173 

35 

16 

0686 

170 

38 

18 

171 

43 

18 

0688 

170 

29 

18 

165 

34 

17 

0700 

174 

30. 

17. 

172 

32 

18 

CVN 

(R.T.) 

26  ft-lbs. 
22 


CABOT  VD 
ROTARY  FORGED 
105mm  M68 
Muzzle 
(Continued) 


TUBE 

Y.S. 

R.A. 

CVN 

(-40°F) 

CVN 
(R.T . ) 

■s 

XC 

0703 

174 

39 

20 

23 

112 

166 

43 

21 

23 

122 

0705 

171 

45 

22 

25 

122 

169 

43 

22 

26 

130 

0709 

168 

37 

22 

119 

• 

162 

42 

20 

115 

0713 

168 

32 

19 

106 

171 

40 

20 

113 

0716 

171 

40 

19 

118 

171 

26 

20 

107 

0718 

172 

41 

21 

104 

168 

45 

22 

103 

0720 

170 

37 

22 

114 

171 

35 

22 

109 

t 

l 


! 

5 

I 


A- 9 


.-C  'Zf*i  >£<g5, 


S2: 


TUBE 


Y.S. 


R.A. 


6961 

167ksi 

53% 

166 

50 

7067 

170 

50 

170 

49 

7126 

168 

51 

168 

53 

7135 

170 

48 

170 

47 

7156 

172 

42 

170 

39 

7222 

173 

43 

173 

41 

7223 

170 

49 

170 

44 

7225 

168 

51 

166 

54 

7234 

168 

49 

i 

45 

7235 

165 

47 

164 

48 

7238 

167 

39 

167 

42 

7242 

164 

51 

164 

47 

7243 

167 

47 

168 

50 

VD 


ALLY  FORGED 
m  M68 
ECH 


CVN 

(-40°F) 

CVN 

(R.T.) 

\ 

37  ft-lbs. 

139  ksi 

33 

140 

32 

33  ft-lbs.  148 

31 

35 

141 

36 

39 

143 

35 

40 

143 

29 

129 

27 

133 

19 

22 

120 

19 

22 

123 

21 

25 

131 

20 

25 

117 

28 

142 

31 

139 

31 

38 

150 

30 

39 

136 

32 

134 

35 

144 

28 

137 

30 

135 

26 

33 

121 

27 

32 

121 

35 

145 

34 

138 

31 

36 

148 

28 

37 

135 

in 


I 


A-JO 


m 


gafrg***gsgfefc. 


CABOT  VD 

CONVENTIONALLY  FORGED 
105mm  M68 
BREECH 
(Continued) 


TUBE 

Y.S. 

R.A. 

CVN 

(-40°F) 

CVN 

(R.T.) 

7251 

170 

47 

26 

125 

169 

43 

27 

127 

7254 

170 

42 

26 

134 

170 

43 

33 

132 

7260 

170 

47 

29 

131 

168 

49 

29 

136 

7269 

166 

51 

37 

134 

167 

51 

36 

143 

NATIONAL  FORGE  VD 
ROTARY  FORGED 
105mm  M68 
BREECH 


TUBE 

Y.S. 

R.A. 

CVN 

(-40°F) 

CVN 

(R.T.) 

K* 

*C 

1693 

166  ksi 

m 

18  ft- lbs. 

120  ksi 

167 

32 

17 

1703 

166 

37 

16 

128 

167 

40 

17 

1734 

166 

37 

19 

126 

167 

36 

18 

1807 

166 

38 

18 

122 

166 

41 

17 

1810 

166 

44 

21 

128 

167 

42 

25 

1818 

163 

45 

26 

139 

165 

44 

23 

1822 

162 

41 

19 

124 

164 

39 

19 

1839 

166 

34 

21 

126 

167 

38 

19 

1842 

165 

41 

19 

140 

165 

33 

19 

1846 

169 

41 

19 

123 

167 

39 

17 

1847 

165 

42 

20 

1 3ft 

165 

42 

21 

1850 

168 

33 

17 

126 

168 

42 

18 

1851 


165 

163 


25 

36 


17 

16 


112 


NATIONAL  FORGE  VD 

ROTARY  FORGED 

105mm  M68 

Breech 

(Continued) 

. .  •' 

^p’  t"''v^-Y‘a*^^»i^,‘  .%?**&'*  =*.  AV._  -j^?ss<y»^*  »-*i.w  »,'i* -r 


NATIONAL  FORGE  VD 
ROTARY  FORGED 
105mm  M68 
Muzzle 


TUBE 

Y.S. 

R.A. 

V-*V  »! 

(-40°F) 

(R.T.) 

*C 

*  J 

J 

i 

1693 

167  ksi 

39% 

17  ft-lbs. 

18  ft-lbs. 

90  ski  in 

*  1 

' 

167 

39 

17 

15 

| 

:. 

1703 

166 

43 

16 

100 

ii 

166 

40 

18 

* 

} 

1734  • 

165 

37 

16 

100 

-1 

<K 

3 

i. 

£• 

166 

38 

16 

js> 

1 

r 

1807 

168 

38 

i 

16 

16 

88 

% 

i 

169 

36 

15 

14 

86 

A 

I 

£ 

1810 

165 

43 

17 

100 

1 

165 

41 

17 

100 

-t 

% 

? 

1818 

161 

43 

18 

23 

99 

i 

? 

162 

44 

19 

21 

108 

1 

i 

1822 

162 

42 

17 

97 

1 

•>. 

162 

43 

17 

92 

1 

5c 

& 

•»' 

1839 

166 

42 

17 

23 

103 

«"s 

"1 

'it- 

§ 

165 

43 

17 

18 

95 

ST 

| 

1?- 

1842 

165 

41 

17 

99 

“S 

1 

165 

35 

17 

98 

_-s 

1 

1846 

168 

40 

17 

94 

168 

42 

17 

105 

M 

1?. 

a- 

W&- 

1847 

162 

42 

19 

22 

97 

»si 

*  “1 

te*_  i 

163 

44 

18 

20 

100 

”5' 

fe  i 

M-S?  ! 

3. 

1850  ‘ 

168 

38 

13 

91 

*  -f 

'gi 

168 

38 

14 

95 

1 

gf' 

P 

B& 

1851 

165 

30 

14 

16 

95 

M 

•i| 

K 

p 

165 

35 

15 

14 

88 

0 

-^§j 

1852 

165 

36 

15 

14 

86 

II 

1 

ft 

165 

30 

13 

13 

85 

ji 

iNRxiasite 
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NATIONAL  FORGE  VD 
ROTARY  FORGED 
105mm  M68 
Muzzle 
(Continued) 


TUBE 

Y.S. 

R.A. 

CVN 

(-40°F) 

CVN 

(R.T.) 

Kt 

*C 

1865 

163 

41 

17 

99 

163 

39 

18 

1875 

165 

44 

18 

24 

98 

164 

41 

19 

20 

105 

1931  ' 

163 

45 

18 

21 

98 

163 

36 

18 

20 

105 

1943 

168 

33 

14 

18 

89 

168 

34 

13 

16 

88 

2004 

162 

31 

17 

99 

162 

34 

16 

97 

2005 

164 

36 

17 

97 

163 

39 

16 

96 

A-15 


.  ... 
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-  • 

a«»«3 


C/ESR/RF/M 


1 1 

1-  1 

COEF.BI I 

S.E .  COtF. 

LOWER 

UPPER 

8  % 

-.87013E 

Cl 

C. 139146  '2 

-.  35C63E 

">2 

C.1766-E  72 

1  l 

0.1C967E 

01 

48199?.  O' 

‘ .  1  F.354E 

r>7 

•*  .  20099 E  Cl 

1  1  ' 

I1  * 

I  I 

MEAN 

VARIANCE 

ST.O?V. 

1  1 

0.12556E 

03 

0.19684-  C 3 

:.1403t; 

02 

BR  KIC 

C.1290w6 

03 

0.2535.  E  '3 

15  922E 

*2 

KIC 

s-f 

!  i 

s  -  $ 

-F-VALUE 

99.  • 

i  t 

-  RES.  RMS 

4.373432 

NO.  OF  DBS. 

CORR.  COEF.  SCRD 


9 

..934 


| 

OBS. 

X 

OBS. 

,  Y  PREOICTEC  Y 

LCWER 

UPPER 

R6SIOUAL 

1 

0.1113E 

03 

C.  114 

E  07  0.11336 

33 

0.104  IE 

03 

3.1226E 

•3  3 

C.6541S 

GO 

| 

2 

C.1U9E 

03 

:.ii3 

E  07  0.1 1406 

73 

0.1048E 

03 

0.1232E 

C  3 

-C.1028E 

01 

ft 

3 

0.1148E 

03 

'.117 

E  03  0.11726 

03 

O.1082E 

03 

•3.1262E 

03 

-C.1833E 

C/C 

4 

C.1151E 

"3 

'.118 

E  *‘3  '.11756 

03 

0.1035E 

03 

0.1265E 

C  3 

0.4875c 

cc 

5 

0.11926 

03 

C.  117 

E  77  j.  1221E 

73 

P.1132E 

C3 

0.13C9E 

03 

-C.5075E 

Cl 

6 

0.1331E 

0  3 

:.  146 

E  '3  7.1373E 

73 

0.1294= 

03 

0.1462E 

33 

C.8714E 

Cl 

* 

7 

0.1357E 

C  3 

7.143' 

2  03  0.140  IF. 

03 

0. 131  IE 

73 

C. 14916 

C  3 

0.2918E 

Cl 

8 

C.1398E 

03 

0.142' 

5  07  0.1446E 

73 

0.1354c 

C3 

0.15386 

33 

-0.2589c 

Cl 

l 

9 

0.1492E 

0  3 

0.151 

E  03  0.15496 

33 

7.1449E 

03 

3.16496 

7  3 

-C.3901E 

Cl 

r 

XMAX  = 

0.14917 

S  33 

XV I  N 

=  ''.111286  C3 

i 

YMAX  = 

0.151CC 

E  03 

Y*IN 

=  V  •  1 1 30  3  E  .3 

A-17 


C/GSR/RF/8 


COEF.BI  I 

) 

S.E.  COEF 

• 

LOWER 

UPPER 

C. 314486 

C2 

0.2232  7  £ 

02 

-.9t'7C7E 

n 

C.72396E  02 

C. 746126 

CO 

0.U951E 

Cl 

-. 14761E 

31 

0.29683E  01 

MEAN 

VARIANCE 

ST.OEV, 

0.117486 

03 

0.13073S 

C3 

''.11434= 

72 

BR  KIC 

0.1191CE 

C3 

0.1C921E 

r3 

''.l  4536 

02 

KIC 

F-VALUE 

16.  "> 

RES.  RMS 

6.432452 

NO.  OF  08S. .  1C 

CORR.  COEF.  SORO  0.6664 


OBS. 

X 

OBS. 

Y 

PREDICTI 

EC  Y 

LCWER 

UPPER 

RESIDUAL 

1 

C.IC26E 

33 

o.ng-'e 

32 

0. 1080 E 

03 

7.9445E 

02 

3.1215E 

•j3 

C.1103E 

C2 

2 

0.10686 

33 

C.  113  6 

03 

7.  1 11 1 E 

03 

C.9877E 

02 

0.1241E 

•73. 

0.1897E 

01 

3 

0.1C71E 

73 

0.  113  E 

02 

0. 11146 

03 

C. 98386 

02 

3.1244E 

33 

-0.1373E 

Cl 

4 

0. 1103E 

03 

0.11176 

03 

•  0.1138E 

03 

C.1C10E 

03 

C. 12656 

03 

-0.27546 

Cl 

5 

0.11C3E 

33 

0. 176 '5 

33 

0.1138E 

33 

0.1010E 

03 

0.1265E 

C  3 

-C.7'754E 

Cl 

6 

0.12136 

73 

C.113  E 

C3 

7.1217E 

.'3 

0.1092E 

03 

0.1343E 

3  3 

-0.8736E 

01 

7 

0.1233S 

C3 

".1236 

03 

•7.12346 

03 

C.1138E 

03 

3.1361E 

•73 

-0.4353E 

CO 

8 

0.1276E 

03 

3.1257S 

03 

0.1267E 

73 

0.U37E 

03 

0.1397E 

03 

-0.1687E 

Cl 

9 

0.13136 

03 

'.1366 

33 

7.1294E 

33 

0.11606 

03 

0 .14286 

03 

C  .65786. 

Cl 

10 

0.1345E 

03 

7.135  E 

?3 

3.13186 

03 

C.1180E 

03 

C.1456E 

03 

0.3234E 

01 

XMAX  =  0.134456  03  XMIN  =  3.10256E  03 
YMAX  *  0.1360CE  33  YMIN  =  '.13607E  C3 


A-18 


C/VO/RF/M 


COEF.B ( 1 ! 

1 

S.E.  COEF 

• 

LOWER 

UPPER 

* 

-.2213  5  = 

22 

0.19273E 

02 

-.56522= 

22 

o-’oaiiE  o? 

0.130336 

Cl 

0.160C6E 

'1 

-«  14725S 

Cl 

C. 4(7856  01 

MEAN 

VARIANCE 

ST. DEV. 

-  9 

0.1C553E 

03 

f .123866 

C3 

■••.11129  = 

02 

BR  KIC 

? 

0.1144CE 

C  3 

0.28383F 

'3 

0.16847= 

02 

KI,C 

F-VALUE 

51.5 

RES.  RMS 

3.811608 

NO.  OF  OBS. 

20 

CORR.  COEF.  5QR0  ..7408 


OBS. 

X 

OBS. 

y 

PREOICTEC  Y 

ICWER 

UPP6R 

RESIDUAL 

1 

C.8986E 

02 

•3.99  ,"E 

/  ■> 

3.9398E 

•32 

0.77566 

C2 

3.1 1346 

33 

C. 50196 

31 

2 

0.8991E 

32 

G. 1 11 "  E 

03 

0.9435= 

02 

0.7763E 

02 

0.11056 

0  3 

0.6954E 

Cl 

3 

0.8993F 

32 

0.940' 6 

:2 

0.94" 7E 

02 

". 77666 

02 

0.1  K  56 

03 

-0.7310E-C1 

"4 

C.9417E 

02 

C.970-E 

'2 

0.9960E 

02 

C.8354E 

02 

0.1157E 

03 

-C.2609E 

01 

5 

C.9442F 

12 

MCI  -6 

;'3 

0.99926 

02 

0.83876 

02 

9.116CE 

03 

C. 10826 

Cl 

6 

C.9457E 

02 

■•MOKE 

33 

3.19=16 

03 

C. 84396 

02 

0.1162= 

13 

0. 880 16 

oc 

7 

C.99C8E 

02 

■3.94 3  E 

02 

0.106 JE 

13 

C. 90216 

02 

0.12186 

03 

-9. 120CE 

02 

8 

0.1C26E 

03 

\97n:E 

32 

3. 11156 

03 

C. 94846 

C2 

0.12626 

33 

-3.1353E 

02 

6 

•  C.1030E 

0  3 

’.  1C  1 ' 6 

33 

0.11116 

03 

0.95406 

02 

0.12686 

33 

-1.10076 

02 

10 

C.1C31E 

13 

C,99i:F 

02 

■0.1112E 

03 

C. 95526 

02 

0.1269E 

3  3 

-0.122CE 

C2 

11 

0.1C69E 

33 

'.  1 33 '  E 

’3 

3.11626 

03 

C.1035E 

03 

C.1316E 

•03 

C.1684E 

C2 

12 

C.1C77E 

C3 

■ .132.E 

03 

■1.11726 

03 

0.10156 

03 

0.13296 

<3 

,l.  148  IE 

32 

13 

0.11C5E 

03 

122  "E 

03 

0.12' 8E 

03 

C. 10516 

03 

C.1366E 

03 

0. 11 82fc 

Cl' 

14’ 

0.1113E 

33 

9.135'E 

03 

0.1219E 

03 

1.1161E 

03 

0.13776 

03 

C . 131  IE 

C2 

15 

0.11426 

03 

"•  122  "E 

13 

0.1256F 

C3 

0.1097E 

03 

0.1415E 

0  3 

-0.3633E 

Cl 

It 

0.1183E 

33 

•..m-c 

"3 

0.131CE 

03 

C.1148E 

03 

0.14716 

03 

-C'.  97996 

CO 

17 

0.1188E 

03 

',135  E 

03 

0.13166 

03 

0.1 154E 

03 

0.1478E 

03 

0.3..65E 

01 

18 

0.1192E 

03 

0* 1 32  "  E 

03 

0.13236 

■33 

0.11606 

03 

0.1485E 

03 

-C. 26376 

CO 

19 

0.1216E 

'3 

',133  6 

■13 

0.13536 

33 

0.11896 

0  3 

0.15186 

93 

-9.2322E 

:i 

2C 

0.1218E 

C3 

.0.131'E 

03 

0.1356E 

03 

•3.11916 

03 

0.15206 

03 

-0.5567E 

Cl 

XMAX  =  0.12178?  03  XMIN  *  '.898616  02 


C.1353CE  03  YMIN  *  ','940006  02 


^  r 

Rc  I 

&  I 


YMAX 


C/VD/RF/B 


COEF. B(I) 


S.S.  COEF. 


LOWER 


UPPER 


0.43835E  C2  0.11989E  02  C.23045E  02  0.64625E  02 
0.71984E  CO  0.509538  PC  -.16374E  00  0.16334E  Cl 


MEAN 


VARIANCE 


ST. DEV. 


0.11359E  03  fC.U192E  03  .r.l'579E  02  BR  KIC 
0.1256CE  03  0.8C253E  02  C.89584E  01  KIC 


■F-VALUE 

•  46.9 

RES. 

RMS 

4.847296 

NP.  OF  OBS.  . 

20 

COKR. 

.  COEF.  SORO 

0.7226 

OBS. 

X 

OBS.  ' 

Y 

PREDICTED  Y 

LCWER 

UPPER 

RESIDUAL 

1 

0.9922E 

C2 

o.ii3:e 

•03 

0.U53E 

03 

0.1063E 

03 

0.1243E 

03 

-0.2255E 

01 

2 

0.9928E 

C2 

c.119’ e 

03 

O.U53E 

03 

0.1063E 

03 

0.1243E 

C3 

C.3701E 

Cl 

3 

C.1C34E 

03 

C.1207S 

03 

0.1183E 

03 

0.1995E 

03 

0.1271E 

03 

0.1700E 

01 

4 

0.1035E 

03 

o.m.E 

73 

0.H84E 

03 

0.1096E 

03 

0.1272E 

03 

-0.5361E 

Cl 

5 

0.1036E 

C3 

C.U6-E 

03 

C.1184E 

03 

0.1096E 

03 

0.1272E 

03 

-0.2421E 

Cl 

6 

0. 1036E 

03 

0.1190E 

C3 

0.1134E 

03 

0.1096E 

03 

0.1272E 

03 

C .57868 

CO 

7 

0.1C76E 

03 

C.12O0E 

03 

0.1213E 

03 

0. 1126E 

03 

0.13C0E 

03 

-0.12686 

01 

8 

0.1078E 

03 

0. 1167E 

03 

0.1214S 

03 

0. 1127E 

03 

0.130  IE 

03 

-0.5418E 

01 

9 

0. 11  ICE 

C3 

C.llB’E 

03 

0.1238E 

03 

0. 1 15  IE 

03 

0. 1324  = 

03 

-C.5751E 

Cl 

10 

C.1112E 

r3 

0.134  S 

03 

0.1238E 

03 

0.1152E 

03 

0.1325E 

03 

0.1015E 

02 

11 

0.1114E 

03 

C.1310E 

03 

C.1240E 

03 

0.U54E 

03 

0.1327E 

03 

C. 69658 

Cl 

12 

0.1148E 

03 

■7.118-E 

03 

0.1265E 

03 

0.1178E 

03 

0.1351E 

C  3 

-0.8460E 

01 

13 

0.1152E 

0  3 

0.131'E 

03 

0.1268E 

03 

0.1182E 

03 

0.1354E 

C3 

0.4218E 

Cl 

14 

0.1191E 

03 

•:.132-e 

:-3 

0.1296E 

03 

0.12C9E 

03 

0.1382E 

03 

0.2443E 

01 

15 

0.1221E 

C3 

0. 134. S 

03 

0.1318E 

03 

0.123’iE 

03 

0 • 140 5 E 

03 

0.2239E 

Cl 

16 

0.1227F 

C3 

0.132'= 

03 

0.1 32  IE 

03 

C.1234E 

03 

0.14C9E 

73 

-C.1473E 

OC 

17 

0.1227E 

03 

0.137’E 

03 

0.1321E 

03 

0.1234E 

03 

0.14C9E 

03 

0.4853E 

Cl 

18 

0.1287E 

03 

.:.136'? 

03 

0. 13655 

03 

0.1275E 

03 

0.1456E 

03 

-0.51C5E 

cc 

19 

0.1296E 

03 

0.137= 

03 

-’.1371E 

03 

0.1280E 

03 

0 . 1462E 

03 

-0.1124E 

CC 

20 

0.1352E 

03 

0.136E 

73 

C.1411E 

03  ■ 

0.1317E 

03 

0.15C6E 

03 

-0.5147E 

Cl 

XMAX 

=  0.1351-3 

lc  03 

XMIN  « 

• 

99216E  C2 

YMAX 

=  0.137CCE  03 

YMIN  * 

’  • 

11300E  03 

A-20 


C/VD/CF/B 

COEF.em  S.E.  COSF.  LOWER 

C.63135E  C 2  0.2741 2E  "2  0. 13455c  02  C.11282F  03 
0.49686S  CC  C.17C24C  01  -.288885  01  C.353251:  01 


VARIANCE 


ST.DFV. 


0.14698*:  03  0. 221890  03  0.14896E  02 
0.136176  C3  0.131246  '3  ".U456E  02 


BR  KIC 
KIC 


F-VALUE 
RES.  RMS 


7.2 

9.171  R 


NO.  OF 

obs; 

12 

CORR. 

COEF.  SQRO 

:.4i7R 

08S. 

X 

OBS. 

1 

O.U89E  03 

v.131  6 

2 

0.1189E  03 

•.117C- 

3 

C.1405E  03 

*.121'  E 

4 

D. 14356  03 

C.121  6 

5 

C  •  1443t  13 

.148  C 

6 

0.1501E  " 3 

:.141  F 

7 

0.1519E  03 

•-.148  6 

8 

0.1550E  03 

G.  1 35*  t 

9 

0. 15  776  r; 

-.15'  6 

ID 

C.1596E  *3  ’ 

'.136  F 

11 

C.16C3E  03 

r. 143'E 

12 

0.1629F  03 

0.143,5 

XMAX  = 

0.16292E  '3 

X  M I N  = 

YMAX  = 

C.150CCE  03 

Y«IN  * 

‘.‘3 

S3 

03 

•3 

*’3 

-13 

03 

03 

.•3 

.3 

-  j 

03 


>3 

03 


PREDICTED  Y 
0.12226  03 
0.12226  03 
0.133CE  03 
0.1 3446 
0.1 348 E 
■•'.13775  03 
0.1386F  03 
0.1402c 
'1.1415E  *03 
•0.1425E  03 
0.1423E  03 
0.1 44 i c  03 


LCWER 
lv'  25E  C  3 
■5.  1.02  5E  G3 
0.1155E  03 
0.1171E  03 
1 175E  03 
0.12046  03 
0.1213E  03 
C.1226E  03 
.  1238E  03 
: .  1246E  03 

C.  12496  03 

D. 126GE  03 


UPPER 

0.1419E  J3 
0.1419E  .'3 
C. 15046  C 3 
0.1518E  03 
0.1522E  i 3 
r.l550t  03 
0.156SE 
0.1577E 
3.1592E 
0.1603E  03 
P„16~7E  03 
0.1622E  03 


03 

03 

.,3 


RESIDUAL 
0.8773E  Cl 
-C.5227E  Cl 
-0.X196E  02 
-C.1342E  C2 
0.13166  02 
C.329C6  Cl 
°. 9365E  Cl 
-C.5151E  0! 

C.85»4F  01 
-C. 64526  Cl 
0.23176  00 
-0.1C69F  01 


A-21 


NF/VO/RF/M 


COEF. BID  3.6.  COEF.  LOWER  UPPER 

0.457796  02  C.76075E  01  C.31366S  02  0.60192E  02 
0.5SC87E  00  0.277C2E  00  S.26033E-01  0.10757F  01 


MEAN  VARIANCE  ST.OcV. 

0.92981E  02  C.224C46  r3  '‘.14968E  32  8R  KIC 

0.970C0E  C2  0.7825CE  02  C.88459L  01  KIC 


F-VALUfc  46.4 

RES.  RMS  3.4246  '1 

NO.  OF  OBS..  9 

CORR.  COEF.  SQRO  ‘..8689 


OBS. 

X 

OBS. 

Y 

PREDICTED  Y 

LCWER 

UPPER 

RESIDUAL 

1 

0.6869E 

32 

C. 8600c 

02 

C.8362E 

02 

0.7583E 

02 

0.9140E 

32 

0.2394E 

Cl 

2 

0.7462E 

02 

i.  •  880  '  E 

02 

C.  86896 

02 

0.7949E 

02 

0.9428E 

j2 

0.1113E 

Cl 

3 

0.8499E 

02 

0.900*6 

02 

9.9263E 

•02 

0.8565E 

02 

0.9954E 

32 

-0.2596E 

01 

4 

0.8499c 

C2 

C . 880' E 

02 

0.926CE 

02 

C. 35656 

02 

0 .99556 

02 

-P. 46006 

01 

5 

C.IC23E 

C3 

C.IO'OF 

03 

0.1022E 

03 

0.9517E 

02 

0.1091E 

03 

-0o2153E 

Cl 

6 

C.1C-23E 

03 

C.105.E 

.13 

0.1C22E 

03 

0.9517E 

02 

9.1091E 

03 

C.2847E 

Cl 

7 

0.1C24E 

C3 

C.105? 

*3 

0.1022E 

33 

0.95226 

02 

0.1092E 

C  3 

0.27846 

01 

8 

C.1C61E 

C  3 

C.  1  '’8'E 

•03 

3.1042E 

03 

0.9710E 

02 

0.1114c 

33 

0.3769E 

Cl 

9 

0.1103E 

03 

c.103*  r 

03 

0.1065E 

03 

0.9921E 

02 

0.H39E 

03 

-0.3547E 

01 

XMAX  =  0.11031E  C3  XMIN  =  ->.68686E  02 


YMAX  =  0.108CCE  03  YMIM  =  •■'.86CC0E  C 2 


NF/VC/RF/B 


COEF.B ( 1 ) 


S.E.  COEF. 


LOWER 


UPPER 


0.74262E  C 2  C. 37227=  '1 
0.61449=  OC  37271£-r 1 


* . 5 ‘ 753E  02  C.97766F  02 

T.37917E  00  f. 8458 1 E  00 


MEAN 


VARIANCE 


O.94503E  02  0.3015BE  03 

0.13233E  C3  ~. 11433=  03 


ST. DEV. 

0.17366=  02 
-.I’  693=  02 


bR  KIC 
KIC 


F-VALUc 

RES.  RMS 

NO.  OF  OBS.  .• 

CORR.  COEF.  SQRO 


24P..» 

0.956736 

3 

r.996" 


OBS.  X 

■  1  0,7457c  C2 

2  0.1C26E  03 

3  C.-1C64E  03 


OBS.  Y 
0.  1230;  03 
. .138  =  03 
C.139  £  03 


PREOICTEC  Y 
3. 1201 E  03 
0.1373E  03 
*>. 1396c  03 


LCWER 

0.1116E  C 3 

O. 1300E  03 

P. 1321E  03 


UPPER 

0.12S6E  j3 
0.1445E  03 
0.1472E  33 


RESIDUAL 
-0.8582E-C1 
"'.7153E  3C 
-0.6295E  CC 


XMAX  *  0.10633c  03  XMIN  =  ''.74572E  02 
YMAX  x  0.1390CE  C3  YMI N  =  .12:C0E  03 


A-23 


MUZZLE 

C06F.BCI)  S.6.  COEF.  LOWER  UPPER 

0.85135E  01  C. 869625  Cl  -.61683E  01  C.23195E  02 
0.98062E  00  0.661C66  O  -.13544E  00  0.2C967E  01 


MEAN  VARIANCE  ST.OEV. 

0.10730E  C3  0,287245  C3  0.16948E  02  BR  KIC 

0.11374E  03  0.3425 2E  ''3  •'.185076  02  KIC 


F-VALUE  15C. 

RES.  RMS  8.255245 

NO.  OF  OBS.  38 

CORR.  COEF.  SQRD  C.e064 


IS. 

X 

OBS.  1 

y 

PREDICTED.  V 

LOWER 

UPPER 

RESIDUAL 

1 

0.6869c 

.02 

C.  863' 6 

32 

0.75876 

02 

0  •  60E16 

•C-2 

0.9C92E 

t? 

0.1C13E 

22 

2 

0.74626 

02 

J.  83»; '  E 

02 

3.81696 

02 

0.66906 

02 

0.9649E 

;2 

0.63C86 

Cl 

3 

0.84996 

02 

'•.93c;6 

32 

0.9195E 

02 

0.7742E 

02 

0.10636 

C  3 

-C. 18546 

01 

4 

0.84996 

02 

;-.8so  5 

0? 

0.9186c 

02 

0.77426 

02 

0 .10636 

03 

-C. 30616 

01 

5 

0.8986E 

32  . 

C. 990  E 

32 

0.96636 

02 

0.8232E 

02 

0.11096 

03 

C. 23676 

Cl 

6 

G.8991E 

C2 

0.101  6 

•33 

0.9668E 

02 

0.8237E 

U2 

0.U1CE 

03 

0.43186 

Cl 

7 

0.8S93E 

02 

C.94C.E 

v2 

0.967C6 

02 

0.82396 

02 

0.1110E 

C3 

-0.2703E 

01 

e 

C. 94176 

C2 

•3.97C‘5 

02 

0.10096 

03 

0.86636 

02 

0.11516 

03 

-0.3863E 

Cl 

9 

0.94426 

02 

:.1;1  5 

3 

0.10116 

03 

0.86886 

02 

0.1153E 

0  3 

-C.1020E 

CO 

1C 

C. 94576 

02 

3.131  '  = 

33 

C. 1213c 

03 

0.87J3E 

02 

0.11556 

03 

-C. 25386 

CO 

n 

C.99C8E 

02 

C.94C  E 

.32 

•3.10576 

03 

0.91516 

02 

0.11986 

03 

-C. 11686 

02 

12 

0.1C23E 

03 

0.135  S 

03 

0.10896 

03 

0.9473E 

02 

0.12306 

03 

-0.38676 

Cl 

13 

0.1023E 

J3 

r.13-3  = 

33 

0. 1-3896 

33 

0.94T3E 

02 

0.1230E 

03 

-0.88676 

Cl 

14 

0. 1024E 

33 

0.135.6 

33 

•3.1.935 

03 

0.9484E 

02 

0.12316 

03 

-0.3978E 

Cl 

15 

C.1026E 

C3 

C.97J  6 

32 

3. 1091 E 

03 

C. 94956 

02 

0.1232E 

03 

-0.12096 

02 

16 

0.1C33S 

03 

C. 101.6 

03 

0.10956 

03 

0.95376 

02 

0.12366 

03 

-C. 84986 

Cl 

17 

0.1031E 

•J3 

0.990  -E 

C2 

C. 10966 

03 

0.95466 

02 

C.1237E 

03 

-C. 10596 

02 

18 

C.1C61E 

•J3 

C. 138  6 

03 

0.11266 

03 

0.9845E 

02 

0.12676 

03 

-C.4566E 

Cl. 

19 

C.1C69E- 

03 

C. 133  fc 

:3 

0.11336 

03 

0.99216 

02 

0.1274E 

03 

0.19676 

C2 

20 

0.1077E 

03 

0.13236 

03 

0.11416 

03 

0.9998E 

02 

0 .12826 

C3 

C. 17906 

n2 

21 

0.11036 

03 

C.1'3  6 

,:3 

C.  1 1676 

03 

0.10266 

03 

0.13086 

33 

-0.13696 

02 

22 

0.1105E 

03 

C. 122  E 

■33 

0.11685 

03 

C. 10276 

03 

0.13106 

03 

C. 51696 

Cl 

23 

0.11136 

03 

0.114  6 

■33 

0.1176E 

03 

0.1035E 

03 

C. 13186 

■J3 

-0.36416 

01 

24 

0.11136 

03 

0.135  6 

03 

0. 1 1766 

03 

0.10356 

C3 

C .13186 

03 

0.17366 

02 

25 

0.11196 

03 

0.113.6 

-.3 

0.11936 

03 

0.10416 

03 

0.13246 

0  3 

-0.52506 

Cl 

26 

C.1142E 

33 

C.1226 

03 

0.12'5E 

03 

0.10636 

03 

0.1346E 

C  3 

C. 15456 

Cl 

27 

C. 11486 

33 

3.11736 

3.3 

■2.12116 

03 

0.1060E 

03 

0,13526 

C3 

-0.40726 

Cl 

28 

0.1151E 

03 

C.138.E 

03 

3.12146 

03 

C.1072E 

03 

0.13556 

33 

-C. 33666 

Cl 

29 

0.11836 

03 

C.13CE 

C3 

.3.12456 

•''3 

C.1103E 

03 

0.1387E 

33 

0.55216 

Cl 

30  - 

0.11886 

03 

C.  135'  6 

33 

3.12506 

C3 

C.1108E 

03 

0.13926 

03 

0.1C03E 

C2 

31 

0.U92E 

C3 

'-•.132 ’5 

23 

0.1254E 

03 

C.1112E 

03 

0.13976 

03 

0.65556 

Cl 

32 

0.1192= 

03 

C.  117..  E 

03 

C. 12546 

03 

0.11126 

03 

0.13976 

03 

-0.8445E 

{  1 

33 

0.12166 

03 

C.133‘6 

33 

0.1277E 

03 

C.1135E 

03 

0.14206 

03 

C. 52536 

Cl 

34 

0. 1218E 

03 

C.139E 

03 

C. 12795 

03 

0.11376 

03 

0.1422E 

"3 

C-.2069E 

01 

35 

0.13316 

33 

C. 146  6 

03 

0.13906 

03 

0.12456 

03 

0.15366 

03 

0.69546 

Cl 

36 

0.13576 

03 

0.143.5 

03 

•3.1415  = 

03 

9.12696 

03 

0.15626 

C  3 

C. 14546 

Cl 

37  - 

0.13986 

33 

0.142'r 

33 

0.1456= 

03 

G. 13086 

03 

0 .16046 

03 

-0.35766 

01 

38 

C.1492E 

03 

C.151'6 

!3 

0.15485 

03 

0.1396E 

03 

0.1700E 

0  3 

-0.37976 

Cl 

XMAX  *  0.149175  33  XMIN  a  *'.686866  02 

•  ts  i  _  *  !  ' 


A-24 


BREECH 


COEF.BU) 

0.799526  C2 
O.30882E  OC 

MEAN 

0.122C86  C3 
0.127426  03 


S.E.  COEF. 

0.80770c  01 
0.567696  Of. 

VARIANCE 


LOWER 

'.6*374E  02 
-.565516  70 

ST. 02  V. 


UPPER 

'.9353:6  02 
'‘.1343 2E  01 


BR  KIC 
KIC 


C.4327&E  •■'3  -  r  .2*0696  02 
<’.134752  "3  0 .-116085  72 


F-VALUE  35.5 


RES.  RMS 

3.693221 

NO.  OF  08S. 

45 

CORR.  COEF.  SOSO 

■-.4510 

CBS. 

1 

X 

0.74576 

C2 

OBS. 
0.120' 6 

Y 

- 1 

PREOICTEC  Y 
0.1C89E  03 

LCW6R 

0.93286 

02 

UPPER 

0.1246E 

C3 

2 

C. 99226 

02 

C. 113*5 

03 

0.11856 

03 

0.10355 

03 

0.1335E 

03 

3 

0.99286 

02 

:.119.6 

.3 

0.11366 

03 

0.10366 

03 

0.13356 

03 

4 

0.10266 

'3 

'.138  = 

03 

C. 11986 

73 

C. 10496 

03 

0.1348E 

73 

5 

C.1C26E 

C3 

'.119  6 

C-3 

0.11986 

0  3 

0.10496 

03 

0.1348E 

03 

6 

0.10346 

03 

C .120' 6 

03 

0.12726 

03 

0.1053E 

03 

0.1351E 

03 

7 

0.10356 

73 

7 . 1 1 3  '  r 

■3 

0.12’2E 

73 

9.1053E 

03 

0.1351E 

03 

8 

C.1C36E 

-o 

7.116= 

.7  3 

0.1272E 

03 

0.1C53E 

03 

0.1352E 

03 

9 

0.1C366 

73 

0.11976 

03 

0.12'25 

C  3 

0.10536 

03 

3.1352E 

93 

10 

0.10646 

03 

C. 139*6 

03 

0.12136 

03 

0.10646 

03 

0.1362E 

03 

1 1 

0.10686 

03 

.113  = 

33 

7.12156 

73 

0.10666 

03 

0.1363E 

03 

12 

C. 10716 

73 

0.11*.= 

33 

C. 12166 

73 

1.1067E 

03 

0.1365E 

03 

13 

C . 10766 

03 

.  .  1 2  '•  ‘  5 

'  3 

0.1218c 

03 

1.10696 

03 

0.1366E 

C3 

14 

C.IC78E 

03 

C.116  6 

03 

0.1219= 

03 

0.10706 

03 

0.1367E 

03 

15 

0.11036 

•73 

0.111  6 

03 

0.1228= 

03 

9.10806 

03 

0.1377E 

03 

16 

0.11':  36 

73 

C. 106" 6 

C3 

0.1228c 

73 

O.1C80E 

03 

0.1377E 

•03 

17 

0.11106 

’3 

7.118-6 

•*3 

C. 12316 

73 

0.  1983  6 

03 

0.13796 

03 

18 

0.11126 

03 

0.134*6 

03 

0.12326 

03 

9.1C83E 

03 

0.1380= 

03 

19 

0. U146 

73 

1.131-6 

03 

■0.12335 

73 

9.10856 

03 

0.1381E 

•  93 

2C 

0.11486 

03 

:.118  6 

C3 

C.1246E 

73 

7.109BE 

03 

0.1394E 

03 

21 

C.1152E 

.’3 

f.131? 

73 

C. 12486 

03 

•7.1170E 

03 

0.13966 

03 

22 

0.11896 

03 

0,117-6 

03 

0.1262= 

73 

0.11146 

C3 

0.1410E 

73 

23 

0.11896 

03 

•'.131  6 

03 

C. 12626 

03 

0.11146 

03 

0.1410E 

G3 

24 

0.11916 

03 

O'.  132  = 

03 

'.1263= 

33 

7. 11156 

03 

0.1410E 

73 

25 

0.12106 

73 

•'..113  5 

73 

0.127CS 

73 

0.11226 

03 

0.1418E 

03 

26 

0.12216 

03 

7.134'E 

7? 

C. 12746 

33 

0.11276 

03 

0.1422E 

03 

27 

0.1227E 

73 

0.  132  5 

.'3 

0.1277= 

03 

7.1129E 

03 

0.14246 

03 

28 

0.12276 

03 

••.1376 

03 

0.12775 

'•3 

0.1129E 

03 

0.1424E 

03 

29> 

0.12336 

0  3 

f.1236 

03 

C. 12796 

03 

0.11316 

03 

0.14276 

03 

30 

0.12766 

03 

7.125  5 

03 

C.12Q66 

33 

3. 1 i486 

03 

0.1444E 

03 

31 

G.1287E 

03 

0. 136" 6 

03 

C. 13776 

03 

0.1152E 

03 

3.1448E 

53 

32 

0.12966 

03 

•'.137*6 

73 

C.1373E 

03 

9.1155E 

03 

0.14516 

•33 

33 

0.1313E 

03 

'•136  5 

73 

0.13106 

03 

0.1162E 

03 

0.1458= 

73 

34 

0.13456 

•13 

'-.1356 

03 

0.13226 

73 

C.1174E 

03 

0.14716 

03 

35 

0.13526 

33 

C.136  £ 

73 

0.13256 

•73 

0.U77E 

03 

0.1474E 

03 

36 

0.1405E 

03 

•".121  5 

•"? 

C. 13466 

•  7 

C.1197E 

C-3 

0.14956 

03 

37 

C. 14356 

•'3 

C.l21'r 

03 

0.1357c 

03 

0.12385 

C3 

0.1507E 

03 

38 

0.14436 

53 

•  .148  = 

'3 

•1.1361  = 

73 

•7.12116 

03 

C. 15106 

0  3 

39 

0 . 15C 16 

C3 

•'.141  -6 

.'•3 

C. 13836 

73 

C.1232E 

03 

C.1534E 

03 

4C 

0.15196 

<33 

0.143  6 

,3 

0.1399= 

13 

3.12396 

03 

9.15426 

03 

V.Jt. 

n  TKKSVZ.  _/Vl 

.  '■>  .'.Jc.-.r. 

v»  . 

-  ■••. 

rt. c 

M.  . 

7  ..  et/.c 

9  .7 

42 

0.15776 

03 

0.15  7*6 

,'3~ 

0.1413E 

33 

0.1260E 

03 

9.15656 

03 

43 

0.1 596E 

'3 

'.136  6 

:3 

0.14206 

03 

0.12676  1 

03 

0.1574E 

03 

44 

0. 16036 

03 

C. 143  £ 

■.'•3 

0.1423= 

03 

0.12696  1 

03 

0.1577E 

93 

45 

0.16296 

03- 

0.143*6 

03 

0.14336 

03 

0.12796  1 

03 

0.1587E  • 

03 

XMAX  «  0.16292E  03  XM1N  *  '.745726  02 


YMIN  «  '  .  1 36006  03 


A-25 


RESIOUAL 
0.11C5E  02 
-0.5531E  Cl 
0.4454c  00 
0.1817E  02 
-0.8314E  CO 
-0.1754E  CO 
-0.72096.  Cl 
-0.42416  Cl 
-0.12416  Cl 
0.1768E  02 
-0.8464E  Cl 
-C.1160E  02 
-0.1779E  01 
■  -C.5860E  Cl 
-0.1185E  02 
-0.I685E  02 
-C.5120E  01 
0.1083E  02 
0.7727E  01 
-C.6583E  01 
C.6243E  Cl 
-C.9194E  01 
0.4806E  Cl 
0.5744E  Cl 
-C.1401E  C2 
0.6553E  Cl 
0.4345E  Cl 
C.9345E  Cl 
-0.48916  Cl 
-0.4586E  Cl 
0.59886  01 
0.66636  Cl 
0.49896  01 
0.27686  01 
0.3483F  Cl 
-0.1359E  C2 
-0.1474E  02 
0. 11946  02 
0.269C6  01 
0.89666  01 
'-0.  522CE  C-' 
6.8735(1  61 
-0.6021E  01 
0.7081E  00 
-0.3023E  CO 


YMAX  *  0.15C0C6  03 


ALL  OATA 


COEF. BII) 

S.E.  COEF. 

LOWER 

UPPER 

0.45755E 

02 

0.658C9E  "1 

348C5E 

"2 

0.5670=.''  02 

0.653876 

CC 

C.57322E  ”»•; 

-.29991E 

PC 

C. 16077=  01 

MEAN 

VARIANCE 

ST. 03V. 

0.115326 

C3 

0.40062E  r3 

•'.2'915E 

02 

BP  KIC 

G.12116E 

03 

0.27391c  03 

C.16559E 

32 

KIC 

F-VALUE 

y 

35.2 

RES.  RMS 

l.'.1929"8 

NO.  OF 

OBS. 

83 

CORR. 

COEF.  SQRD 

-.6253 

OBS. 

X  ' 

OBS.  Y 

PREOtCTE 

D  Y 

LCWER 

UPPER 

RESIDUAL 

1 

0.6869E 

'2 

■3. 86“  TE 

2 

0.9067E 

02 

3.73265 

02 

3.10835 

03 

-C .46676 

01 

2 

0.7457E 

32 

C.120  - 

03 

0.94525- 

02 

0.77035 

02 

3.11206 

03 

C. 25486 

02 

3 

0.7462E 

02 

'.PRO  G 

2 

0.9455E 

P2 

0.77:75 

>32 

0.1120E 

03 

-C. 65506 

01 

4 

G.8499E 

C2 

c .  9; :  e 

2 

C.1013E 

03 

0.842.3E 

02 

C.1186E 

•33 

-0.1133E 

C2 

5 

C.8499E 

32 

C  .  8R0'  £ 

? 

0.10135 

03 

3.84235 

02 

C. 11866 

03 

-0.13336 

02 

6 

0.8986E 

02 

C.  99 3  ■: 

02 

0.1C45E 

03 

2.87296 

02 

3.1217c 

03 

-0.5513c 

01 

7 

0.8991E 

V2 

' .l'l  fc 

■  j 

0.K45E 

03 

0.8732c 

02 

3.12186 

0  3 

-0.3545c 

01 

8 

0.8993E 

>'2 

,940' * 

‘2 

0.1C46E 

03 

0.8733c 

02 

0.1218E 

•33 

-0.10566 

02 

9 

P.9417E 

:z 

-3.97C  £ 

.2 

0.1P73C 

03 

0.9016c 

C2 

0.12456 

03 

-0.1033E 

02 

10 

0.9442E 

02 

J.IC1.S 

03 

0.1C-75E 

•33 

3.90325 

C  2 

3.12476 

03 

-C. 64925 

01 

11 

C.9457E 

02 

:.i'i  e 

>3 

C.1C76E 

03 

0.90425 

32 

3.1248E 

03 

-0.65946 

Cl 

12 

C.99C8E 

-2 

C.94-3F 

32 

C.li:5c* 

23 

3.93415 

02 

3 . 1277E 

C3 

-0.1654E 

02 

13 

0.9922E 

C2 

•-.113  E 

;•* 

3.1126c 

03 

0.9350  E 

02 

0.12786 

03 

0.23715 

01 

14 

0.9928E 

02 

0.119  C 

33 

0.11375 

33 

0.93545 

02 

0.1278E 

03 

0.83306 

Cl 

15 

0.1023E 

C  3 

3.105  E 

03 

3.1127E 

03  ‘ 

0.95576 

02 

0.1298E 

33 

-0.7670E 

Cl 

16 

0.1023E 

'.3 

0.1  30  f 

33 

0.1127E 

03 

0.95576 

02 

3.1298E 

03 

-0.1267E 

02 

17 

0.1(  24S 

33 

0.1  ’5  = 

C3 

'  .  1127E 

03 

3.95645 

02 

0.1298E 

03 

-0.77446 

Cl 

18 

0.1C26E 

:3 

C.970  E 

02 

3.1128E 

>  3 

3.957  IE 

C  2 

3.1299E 

03 

-0.1582E 

i2 

19 

0.1026E 

P3 

''.  1383S 

.-3 

C.U28E 

03 

0.9571 E 

C2 

C.1299E 

03 

0.2518c 

02 

2C 

C.1026E 

03 

C-.119.-E 

03 

C.1128E 

03  • 

3.9571E 

02 

3.12996 

03 

C.6183E 

Cl 

21 

C.1C30E 

0  3 

0.1*1 3c 

03 

C.1131E 

03 

0.95996 

02 

C. 13026 

03 

-0.12096 

02 

22 

0.  1031S 

33 

(.99-3  6 

32 

■J. 11325 

.'•3 

0.96 355 

02 

C.  13336 

0  3 

-C.14iy= 

C2 

23 

0.1034E 

33 

C.  12'.  g 

33 

0.1134E 

03 

3.96335 

C  2 

0 .130  56 

03 

0.66056 

01 

24 

C-.1C35E 

03 

0.113  E 

.3 

C. 11355 

03 

2.96355 

02 

C. 13356 

03 

-0.45146 

f' 

V  v 

25 

0.1036E 

03 

0.116'= 

03 

0.1135E 

03 

0.96415 

02 

0.1306F 

03 

0.24945 

Cl 

.  26 

0.1036E 

33 

.119  E 

3  3 

C.1135E 

13 

3.96415 

C2 

3.1336b 

03 

0.54945 

Cl 

27 

0.1061E 

P3 

O.108  E 

-j 

0.1151E 

.'3 

0.98356 

02 

3.13226 

03 

-C.7136E 

Cl 

28 

0.1C64E 

S3 

» .139-2 

;3 

C. 11535 

33 

C. 98236 

02 

-0.1324E 

C3 

0.23695 

02 

29 

0.1068c 

03 

C. 11332 

03 

0.1156E 

03 

0.9848E 

C2 

0.13266 

03 

-0.25635 

01 

30 

0.1069E 

33 

.133  c 

.'3 

•3.1156E 

03 

0.98566 

C  2 

3.13276 

03 

0.17365 

02 

31 

0.1071E 

03 

0.110  E 

23 

0.1158E 

03 

•3.98726 

C2 

0.13296 

03 

-0.57995 

Cl 

32 

0.1076E 

03 

'.120  = 

33 

0.11615 

33 

0.99315 

C2 

C.1332E 

03 

0.39095 

Cl 

33- 

0.10776 

03 

C. 132.5 

03 

0.1162E 

03 

0.99386 

C2 

0.13326 

03 

0.15845 

02 

34 

0.1078E 

C3 

116  E 

0  3 

•3.11625 

■33 

0.99156 

02 

0.1333E 

C3 

-0.22785 

00 

35 

0.11P3E 

33 

:;.l  >3  E 

03 

0.1179E 

•33 

0.10J8E 

C3 

0.135CE 

03 

-C. 14895 

02 

36 

0.11C3E 

03 

0.111  E 

•3 

C.1179E 

03 

0.10386'  C3 

3. 135-35 

03 

-C.6885E 

Cl 

37 

0. 1103E 

03 

0.106  ~ 

03 

0.11795 

03 

0.10085 

C3 

3.13506 

03 

-C. 11895 

02 

38 

0.ll:5E 

33 

".122  r 

.3 

0.U3CE 

33 

0.1G096 

03 

0.135-36 

03 

0.40195 

Cl 

39 

0.1110E 

3  3 

0.118  E 

C  3 

0.1183E 

:-3 

0.10136 

03 

■3.13546 

03 

-0.34675 

CO 

40 

0.1112E 

'3 

.-.134  E 

23 

;.1184E 

03 

■0.10146 

03 

3.13556 

03 

C. 15575 

02 

j  • 

p  .un: 

.  i  •./  -  - 

*.  />  noer 

o  *> 

.  *■*  IMS’*. 

*  3 

“  y  ictc 

*  1  ' 

. r  ; ClAr 

r~  9 

A-26 


42 

C.1113E 

23 

.135-6 

C3 

2.11B5E 

33 

C.101SE 

03 

0.1356E 

03 

V  •  T  VC.A/C 

0.16486 

St  A 

02 

43 

0. 1114S 

03 

0.131' E 

03 

'."•1186E 

03 

C.1015E 

03 

0.13576 

03 

0.1240E 

02 

44 

0.1119E 

03 

-.113  6 

03 

0.11896. 

■33 

3.1219E 

03 

.0.13606 

03 

-0.59276 

01 

45 

0.1142E 

C  3 

0.122  E 

.03 

C.  120-46 

33 

0.10336 

03 

0.13756 

03 

C. 16036 

01 

46 

0.1143E 

03 

-.117-6 

03 

•3.12 -8E 

33 

0. 1337 S 

03 

•-'.3  3796 

03 

-0.38086 

01 

47 

C.1148E 

0  3 

<-.119  F. 

03 

O.1208E 

33 

0. 1037 E 

C_ 

■  -.3796 

03 

-C. 28086 

01 

48 

c.nsiE 

0  3 

>■-.118  6 

t  3 

0.121 26 

33 

0.1-396 

03 

0.13816 

03 

-0.30046 

01 

49 

0.1152F 

03 

C. 131  E 

03 

3. 121 IE 

33 

0.10436 

03 

0.13826 

03 

0.99006 

01 

50 

0.1183E 

0  3 

•...  132  -E 

03 

3.1231E 

33 

0.13606 

03 

0.1401E 

03 

C. 69206 

Cl 

51 

0.1188E 

03 

:.135-E 

C-3 

3.1234E 

03 

0.10636 

03 

0.14056 

03 

C. 11596 

C2 

52 

0.11896 

V3 

--.131  £ 

.'3 

0.1235E 

33 

0.10656 

03 

0*14066 

03 

0.74846 

01 

53 

0.1189E 

03 

.'.117  6 

03 

0.1235E 

3  3 

0.13656 

03 

0.14066 

03 

-C.6516E 

Cl 

54 

0.1191E 

:3 

'-.132  E 

3 

J.1236E 

03 

C.  10666 

03 

0.1407E 

03 

0.83796 

01 

55 

0.1192E 

03 

2.132  E 

C3 

J.1237E 

03 

0. 10676 

03 

C.1408E 

03 

0.82766 

01 

56 

0.1192E 

:3 

..117  ■£ 

03 

0.12376 

03 

0.1067E 

03 

0.14086 

03 

-0.6724E 

01 

57 

0.121.'E 

03 

:.113  6 

03 

3.1249E 

33 

0.1078E 

03 

0.14206 

03 

-C. 11886 

02 

58 

0.1216E 

03 

:. 133:e 

03 

3.1253E 

-33 

0.12826 

03 

0.14236 

03 

0.77416 

01 

59 

C. 1218E 

■:3 

130--S 

03 

0.1254E 

03 

0.10836 

C3 

0.14256 

03 

0.46186 

01 

6r 

0.1221E 

-.3 

•:.134.'E 

03 

0.1256E 

33 

0.10856 

03 

0.14276 

03 

0.83776 

01 

61 

0.1227E 

03 

.'.132  6 

j3 

O’.  126. 'E 

33 

C.  1089 E 

03 

0.14306 

03 

0.60266 

01 

62 

0.1227E 

.'3 

C.137  E 

•Jj 

0’.126CE 

33 

C.  13896 

03 

0.143CE 

•33 

0.11036 

02 

63 

0.12336 

03 

0.123  -6 

'•3 

0.12646 

33 

0.10936 

03 

0.1434E 

03 

-C. 33706 

Cl 

64 

G. 12766 

03 

C.125‘6 

03 

0.1292E 

33 

0.11216 

03 

0.14636 

03 

-0.42206 

Cl 

65 

0.12876 

03 

-.136.  6 

»„3 

0.1299E 

>33 

0.1128E 

C3 

0.14706 

03 

0.60636 

Cl 

66 

0.1296E 

.’3 

''.137? 

03 

2.  130-56 

03 

0. 11346 

03 

0.1476E 

03 

0.65166 

Cl 

67 

0.13136 

0  3 

<'.136  c 

*3 

C .13166 

03 

0.1145E 

03 

0.14876 

03 

0.4384E 

Cl 

68 

0.13316 

03 

>-.146  c 

03 

C. 13286 

03 

0.1157E 

03 

C.  14996 

C  3 

0.13216 

02 

69 

0.13456 

03 

.-.  135  E 

03 

0.1337E 

03 

0.11656 

03 

0.15086 

03 

C. 13296 

01 

7C 

C.1352E 

'  3 

0.136  E 

.-.3 

0.13416 

03 

0.1170E 

C3 

0.1513E 

03 

0.18516 

01 

71 

0.13576 

■23 

'.1436 

33 

0.1345E 

03 

0.11736 

03 

0.1516E 

23 

0.85406 

G1 

72 

0.1398E 

03 

1-.142'S 

03 

0.1371E 

03 

0.11996 

03 

0.1544E 

03 

0.4852c 

Cl 

73 

0.1405E 

03 

-.121  E 

0*3 

0.1376E 

03 

C. 12246 

03 

0.1549E 

03 

-0.1664E 

02 

74 

0.14356 

'3  . 

2. 121  E 

03 

0.1396E 

03 

0.1223E 

03 

0.15686 

C3 

-0.18566 

c2 

75 

0.1443c 

03 

.*.148  £ 

03 

3.14-UE 

03 

0.12286 

03 

C. 15746 

C3 

0.78856 

Cl 

76 

0.14926 

03 

v. 151  OS 

C3 

0.1433E 

33 

0.12596 

03 

C  .16266 

03 

0.77046 

Cl 

77 

0.1501S 

03 

-.-.141  6 

03 

C.1439E 

33 

0.1265E 

03 

0.16136 

03 

-0.2890E 

Cl 

78 

0.1519E 

03 

C.148E 

03 

0.1451E 

33 

0.12776 

03 

0.1625E 

i.3 

0.2H91E 

Cl 

79 

C.1550E 

03 

: . 1 35  £ 

63 

C.1471E 

03 

0.1296E 

03 

0.16466 

03 

-0.12106 

02 

80 

0.15776 

03 

C.  1500  E 

03 

C.1489E 

33 

0.13136 

03 

0.1664E 

0  3 

0.11406 

01 

81 

0.1596E 

03 

0.136-5 

••  j 

0.15: IE 

03 

0.1326E 

03 

0.1677E 

03 

-0.1413E 

C2 

82 

0.16036 

03 

C.143  E 

03 

O.1506E 

03 

0 . 1330  E 

03 

0.1682E 

C-3 

-0.75876 

01 

83 

C.1629E 

03 

C.1430E 

03 

0.1523E 

■03 

•3 . 1347E 

03 

.  0.16996 

03 

-0.92866 

01 

XMAX  = 

0.16292 

6  03 

X  HI  N  = 

”* 

• 

68686E  02 

YKAX  = 

0.1510C6  03 

YMIN  = 

’  • 

8600nE  02 

A-27 


CABOT  CSR  ROTARY  FORGED  MUZZLE 


SOURCE  OF 
VARIATION  OF 

Tt)TAl  8 

REGRESSION  2 

RESIDUAL  6 


SUM  OF 

CORR. 

FORM 

1 

C. 932585E  00 
0. 674151E-01 


SQUARES 

ORIGINAL 

UNITS 

0.1393E  09 
0.129952E  0.9 
C. 9394006  OT 


ANOVA  TABLE 

MEAN  SQUARE 

CORR.  ORIGINAL 

FORM  UNITS  F 


0.466292E  00  0.649758E  C8  0.415CC4E  02 

0.I12358E-01  0. 156567E  07 


VARIABLE! S)  ENTERED  -  2.  1, 

PERCENTAGE  OF  VARIATION  EXPLAINED  -  3.9326E  02 

STANDARD  DEVIATION  OF  RESIDUALS  -  "■-0.1251E  04 
DETERMINANT  VALUE  -  9.98854E  00 


VAR 

‘  DECODED  B 

LIMITS 

STANDARD 

PARTIAL 

NO. 

COEFFICIENT 

UPPER/LOWER 

ERROR 

F-TEST 

1 

-0.  567766E  O'1 

0.426385E  00 

0.406290E  00 

0.X952B3E 

01 

-0.156192E  OX 

. 

2 

C.33/'121E-01 

0.421900E-01 

0.238342E-01 

0.375082E-02 

3.77463CE 

02 

CONSTANT  TERM 

IN  PREDICTION 

0. 7X3089E  04 

f 


CABOT  CSR  ROTARY  FORGGO  MUZZLE 

RESIOUAL  ANALYSIS 

OBS. 


NO. 

OBSERVED 

Y 

PREDICTED 

l  Y 

RESIDUAL 

NORMAL  DEVIATE 

1  . 

0.20449E 

05 

0.19633E 

05 

C.81600E 

03 

D.65214E 

00 

2 

0.129966 

05 

0.12797E 

05 

C.19941E 

03 

C.15937E 

00 

3 

0.20164= 

05. 

0.21244= 

05 

-C.1,'798E 

04 

-0.86299E 

00 

4 

0.13924E 

05 

13773E 

05 

0.15078E 

03 

0.12050E 

00 

5 

0.2X316E 

05 

r . 19 : 62E 

05 

0.22541E 

04 

0.18014E 

01 

6 

0.13689E 

05 

0.15.18E 

05 

-C.13289E 

04 

-C.10621E 

01 

7 

0.13689= 

05- 

0.13620= 

05 

0.69355E 

02 

0.55428E-01 

8 

0.12769F 

05 

‘•.13131E 

05 

-C.36178E 

03 

-:.28913E 

00 

9 

0.22801E 

05 

0.23520E 

05 

-0.71907E 

03 

.57467E 

CO 

CABOT  ESR  ROTARY  FORGED  BREECH 


ANQVA  TABLE 

SUM  OF 

SQUARES 

MEAN  SQUARE 

SOURCE  OF 

CORR. 

ORIGINAL 

CORR. 

ORIGINAL 

VARIATION 

OF  '  FORM 

UNITS 

FORM 

UNITS  F 

TOTAL 

9  1 

0.5830E  08 

• 

REGRESSION 

2  C.738568E  00 

C.413122E  08 

0.3S4284E  00 

0.2C6561E  08  0.856967E  Cl 

RESIOUAL 

7  C.291432E  00 

C.1699.16E  08 

0.416331E-01 

0.242737E  07 

VARIABLE! 

S»  ENTERED  -  2. 

1. 

PERCENTAGE  OF  VARIATION  EXPLAINED  -  0. 

7086E  02 

STANDARD 

DEVIATION  OF  RE  SI  DUALS  -  0.1558E  04 

DETERMINANT  VALUE  -  0.997 

04E  00 

VAR 

DECODEO  B 

LIMITS 

STANDARD 

PARTIAL 

NO. 

COEFFICIENT  UPPE R/LOHER 

ERROR 

F-TEST 

1 

-0.236746E  00 

0.12271?£  01 

0.6 19095E  00 

3. 146234E  30 

-0. 

I73066fr-i01 

2 

0.2396385-01 

0.377C94S-01 

0.5813C6E-02 

0 • 169943E  02 

0.102183E-01  . 

CONSTANT  TERM  IN  PREDICTION  0.428917E  0* 


■CABOT  ESR  ROTARY  FORGED  BREECH 

RESIDUAL  ANALYSIS 

OBS. 


• 

OBSERVED 

Y 

PREDICTED  Y 

RESIDUAL 

NORMAL  DEVIATE 

1 

0.12100E 

05 

0.12683E 

.05 

-0.58342E 

03 

-0.3 7447 E 

00 

2 

0.15129E 

05 

0.14792E 

05 

0.33672E 

03 

C.21612E 

00 

3 

0.18496E 

05 

0. 17*68E 

05 

C.14279E 

04 

C.91652E 

00 

4 

0.12769E 

05 

0.12390E 

05 

0.37923E 

03 

0.24341E 

00 

5 

0.12769E 

05 

0.14807E 

05 

-0. 203765 

04 

-3. 13078 E 

01 

6 

0.12321E 

05 

r. 12849E 

05 

-0.52832E 

03 

-C.33910E 

00 

7 

0.14161E 

05 

0.11544E 

05 

0.26165E 

04 

C.16794E 

01 

8 

0.11236E 

05 

■T.12849E 

05 

-C.16133E 

04 

-:-.10355E 

01 

9 

0.18225E 

05 

0.17736E 

05 

0.48861E 

03 

3 .31362E 

00 

10 

0.15625E 

05 

C.16111E 

05 

-C-.48639E 

03 

-0.31219E 

00 

A-29 


CABOT  VO  ROTARY  FORGED  MUZZLE 


ANOVA  TABLE 

SUM  OF  SQUARES  MEAN  SQUARE 


SOURCE  OF 
VARIATION 

OF 

CORR. 

FORM 

ORIGINAL 

UNITS 

CORR. 

FORM 

ORIGINAL 

UNITS 

F 

TOTAL 

19 

1 

0.2850E  09 

REGRESSION 

2 

C.767828E  DO 

0.218801E  09 

0.383914E  CO 

0.1094CIE 

C9 

0.2811C8E  02 

RESIDUAL 

17 

0.232172c  00 

0.661600E  08 

0.136572E-01 

0.389176E 

07 

VARIABLE! S>  ENTERS!)  -  2,  1, 

PERCENTAGE  OF  VARIATION  EXPLAINED  -  0.7678E  02 

STANDARD  DEVIATION  OF  RESIDUALS  -  0.19736  04 


DETERMINANT  VALUE  -  C.95905E  DC 


VAR 

NO. 

OECOOED  8 
COEFFICIENT 

LIMITS  ‘ 
UPPER/LOWER 

STANDARD 

ERROR 

PARTIAL 

F-TEST 

1 

-0.176346E  O'  0.761754E  00 

-0.111444E  01 

0.444639E  CO 

0. 157295E 

00 

2 

C.418977E-C1 

0.538222E-01 

0.565195E-02 

0.549520E 

02 

0.299732E-01 


CONSTANT  TERM  IN  PREDICTION  -P.785514E  04 

v 


CABOT  VD  ROTARY  FORGED  MUZZLE 

RESIDUAL  ANALYSIS 


NO. 

OBSERVED 

Y 

PREDICTED  .Y 

RESIOUAL 

NORMAL  DEVIATE 

1 

0.17689E 

05 

?. 179135 

05 

-0.22421E 

03 

-3. 113656 

00 

I  2 

0.17689= 

05 

r. 131336 

05 

.0.45059E 

04 

C.22840E 

01 

t  3 

0.1822SE 

05 

0.17915= 

05 

0.30962E 

03 

0.15695E 

00 

1  4 

0.18225E 

'05 

0.15436= 

05 

0.27886E 

'04 

0.14136E 

01 

1  5 

0.17424= 

05 

:. 18822= 

05 

-C.13982E 

04 

-2.70875E 

00 

f  <* 

0.17424= 

05 

■>.14973= 

05 

C.24512E 

04 

C-.12425E 

01 

1  7 

0.9801CE 

04 

0.12476E 

05 

-0.26752= 

04 

13561E 

01 

1  8 

0.9801CE 

04 

0.884366 

04 

C.95736E 

03 

0.48529E 

00 

1  9 

0.102G1E 

05 

•>.122386 

05 

-C. 2'367E 

C4 

-C.10324E 

01 

■  10 

0.10201E 

05 

C.98444E 

04 

C.35659E 

03 

r.18076E 

00 

;  11 

0. 8836CE 

04 

0.11946= 

05 

-0.3110 IE 

C4 

-D.15765E 

01 

B  12 

0.8836CE 

04 

0.943826 

04 

-C.6D221E 

03 

-0.30527E 

00 

1  13 

0.94C9CS 

04 

0.11298= 

05 

-C.18888E 

04 

-C.95745E 

03 

1  w 

0.94C9CS 

04 

T • 901655 

04 

C.39253E 

03 

0.19897E 

00 

1  15 

0.102C1E 

05 

0.104785 

05 

-C.27737E 

03 

-3.14063E 

00 

%  16 

0.102015 

05 

0.92389E 

04 

C.96-213E 

33 

0.48771E 

00' 

|  17 

0.14884= 

05 

0.13840E 

05 

0.10443E 

04 

0.52935E 

00 

|  18 

0.14884= 

05 

0.14994= 

05 

-0.11026E 

03 

-0.55892E-01 

1  19 

0.1690C5 

05 

'>.182215 

05 

-C.13209E 

04 

-0.66956E 

00 

*  20 

0.1690CS 

05 

0.17:246 

05 

-0.12425E 

03 

-0.62981E-01 

A-30 


CABOT  VO  ROTARY  FORGED  BREECH 


ANOVA  TABLE 

SUM  OF  SQUARES  MEAN  SQUARE 


SOURCE  OF 
VARIATION 

OF 

CORR. 

FORM 

ORIGINAL 

UNITS 

CORR. 

FORM 

ORIGINAL 

UNITS 

F 

TOTAL 

19 

I 

0.9608E  08 

REGRESSION 

2 

i..723?05E  00 

0.605168E  08 

0.36I752E  00 

0.347584E 

08 

0.222419E  02 

RESIOUAL 

17 

C*276495E  00 

C.265666E  08 

0.I62644E-G1 

0. 156274E 

07 

VARIABLE I S)  ENTERED  -  2,  I, 

PERCENTAGE  OF  VARIATION  EXPLAINED  -  3.7235E  02 

STANDARD  DEVIATION  OF  RESIOUALS  -  0.1250E  C4 

DETERMINANT  VALUE  -  0.79942E  30 


VAR 

OECOOED  B 

LIMITS 

STANDARD 

PARTIAL 

NO. 

COEFFICIENT 

UPPER/LOHER 

ERROR 

F-TEST 

1 

-0.316791E  Or 

C.57I698E  00 

0.421125E  00 

0.565879E 

00 

-0.120528E  31 

2 

0.233631E-01 

0.321835E-01 

0.145428E-C1 

0.418065E-02 

0.312301E 

02 

CONSTANT  TERM 

IN  PREDICTION 

0. 876486E  04 

CABOT  VD  ROTARY  FORGED  BREECH 


OBS. 


RESIDUAL  ANALYSIS 


1. 

OBSERVED 

Y 

PREDICTED  Y  RESIOUAL  NORMAL  DEV I A 

1 

0.17956E 

05 

r • 17264E 

05  C.69223E 

03  C.55374E 

OC 

2 

0.17956E 

05 

P.15214E 

05  C.27417E 

04  3.21932E 

01 

3 

0.18496E 

05 

1851 5£ 

05  -C. 19051 E 

02  —3  • 15239E-01 

4 

0.18496E 

05 

" . 19865E 

05  -C.13694E 

04  -0.10955E 

01 

5 

0.18769E 

05 

'• 18979E 

05  -C.21028E 

03  -0.16821E 

00 

6 

0.18769E 

05 

3. 17565E 

05  L.12C44E 

04  C.96345E 

03 

7 

0.17424E 

05 

'’.17565c 

05  -C.14060E 

03  -C . 11247 E 

00 

8 

0.17424E 

05 

n. 16857E 

05  C.56675E 

03  3.45336E 

CO 

9 

0.13456E 

05 

'’.14873= 

05  -0.14173E 

04  -0.11337E 

01 

10 

0.13456E 

05 

:. 14150= 

05  -0.69357E 

03  .55481E 

00 

11 

0.13924E 

05 

P. 15139= 

05  -0.12151E 

04  -C-.97198E 

0  3 

12 

0.13924E 

05 

3.15814= 

05  -0.18903E 

04  -0.15121E 

01 

13 

0.14161E 

05 

r. 13426= 

05  0.73513E 

03  0.58805E 

00 

14 

0.14161E 

05 

14150E 

05  C.11430S 

02  0.91430E-02 

15 

0.12769E 

05 

0 .13373= 

05  -0.604C6E 

03  -0.48321E 

GO 

16 

0.12769E 

05 

?• 14 " 89E 

05  -G.13196E 

04. -0.10 556 E 

Cl 

17 

0.1440CE 

05 

0.14:?8E 

05  C.37211E 

03  0.29767E 

00 

18 

0.1440CE 

05 

0.14735E 

05  -C.33523E 

03  -0.26816E 

00 

19 

0. 17161E 

05 

P.16C65E 

05  0.11957E 

04  0.87652E 

00 

20 

0.17161E 

05 

C.15366E 

05  0.17950E 

04  0.14359E 

01 

A-31 


CABOT  00  CONVENTIONALLY  FORGED  BRcECH 


ANOVA  TABLE 

SUM  OF 

SQUARES 

MEAN  SQUARE 

SOURCE  OF 

CCRR. 

ORIGINAL 

CORR. 

ORIGINAL 

VARIATION 

OF 

FORM 

UNITS 

FORM 

UNITS 

F 

TOTAL 

11 

1 

0.1032E  09 

REGRESSION 

2 

0.593233E  00 

C.6U998E  08 

0.296617E  00 

0.305999E 

08  0.656285E 

RESIDUAL 

9 

0. 4367675  00 

0.419633E  08 

0.451963E-01 

0.466259E 

07 

VARIABLE! S)  ENTERED  -  2.  1, 

PERCENTAGE  OF  VARIATION  EXPLAINEO  -  2.5932E  02 

STANDARD  DEVIATION  OF  RESIO'JALS  -  0.2159E  04 

DETERMINANT  VALLE  -  2.47666E  CC 


VAR 

NO. 

DECODED  B  LIMITS 

COEFFICIENT  UPPER/LOWER 

STANDARD 

ERROR 

PARTIAL 

F-TEST 

1 

0 .2?b792E  21  0.479812E  01 

-0. 662284E  00 

0.120688E  01 

C.293588E 

01 

2 

‘C.25452  TE-21  2.421730E-01 

0.873094E-02 

0.739149E-02 

0. 118571E 

02 

CONSTANT  TERM 

IN  PREDICTION  -0.6505C4E  05 

CABOT  OD  CONVENTIONALLY  FORGED  BP.SECH 


RESIDUAL  ANALYSIS 

0B$. 

NO.  OBSERVED-Y  PREDICTED  Y  RESIDUAL  NORMAL  OEVIATE 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


0.21904E  05 
0.19881E  05 
0.20449E  05 
0.20449E  05 
0.17161E  05 
0.13689E  05 
0.2250CE  05 
0. 18496E  05 
0.14641c' 05 
0.14641E  05 
0.21904E  05 
0.18225E  05 


0.18986E  05 
C. 204575  05 
0.21330E  05 
o.22'4 9E  05 
C.15884E  05 
C.15884E  05 
0.20612E  05 
°.19286E  05 
0.16  .46E  05 
0.15336E  05 
0.18176E  05 
0.19894E  05 


C.29180E  04 
■0.57610E  03 
0.88 1426  03 
0.15998E  04 
0. 12769E  04 
•0.21951E  04 
C.18879E  04 
■0,789986  03 
•C.14052E  04 
•0.69532E  03 
0.37284E  04 
•C.16687E  04 


C.13514E  01 
■C.26680E  00 
•:.43820E  00 
■C-.74087E  00 
E.59134E  CO 
•C.10166E  01 
... 87433 E  00 
•C.36585E  00 
•C.  65075  E  00 
•0.32201E  00 
C.17266E  01 
■C.77280E  00 


A- 32 


-ATIONAL  FORGE  VD  ROTARY  FORGEO  MUZZLE 


SOURCE  OF 
VARIATION 

TOTAL 

REGRESSION 

RESIDUAL 


OF 

8 

•  2 
6 


SUM  OF  SQUARES 


CORR. 

FORM 


ORIGINAL 

UNITS 


ANOVA  TABLE 

'MEAN  SQUARE 


CORR. 

FORM 


ORIGINAL 

UNITS 


1  0.2336S  08 

0.943254E  0*  G.22C380E  08  0.471627E  CO  0.11D190E  08  0.498675E  02 
0.567456E-01  0.132579E  07  0.9457616-02  0.22:9656  06 


VARIABLE! S)  ENTERED  -  2.  It 

PERCENTAGE  OF  VARIATION  EXPLAINED  -  0.94336  02 

STANDARD  DEVIATION  OF  RESIOUALS'-  0.4701E  03 
DETERMINANT  VALUE  -  0.6082CE  00 


VAR 

NO. 

1 

2 


DECOOED  B 
COEFFICIENT 


LIMITS 

UPPER/LOWER 


-0.U916E  01  -0.435146E  00 

-0.194C066  01 

C. 1258846-01  0.190430E-01 

0.613385E-02 


STANDARD 

ERROR 

O.309149E  00 

0.263786E-02 


PARTIAL 

F-TEST 

0. 148568E  02 

0.227740E  02 


CONSTANT  TERM  IN  PREDICTION  0.3539516  05 


-ATIONAL  FORGC  VD  ROTARY  FORGED  MUZZLE 


RESIDUAL  ANALYSIS 

OBS. 

NO.  OBSERVED  Y  PREDICTED  Y  RESIDUAL  NORMAL  DEVIATE 


1 

2 

3 

4 

5 

6 

7 

8 
9 


0.106G9E  05 
G.7396CE  04 
C. 110256  05 
0.11025E  05 
0.11664E  05 
0.7744CE  04 
0.10C0CE  05 
0.81C0CE  04 
C.7744CE  04 


0.108366  05 
',.7'775E  04 
"» 10759E  05 
0.10456E  05 
0.H391E  05 
C.80945E  04 
C.1C759E  05 
0.81308E  04 
0.78  33E  04 


•0.227216  03 
C.31846E  03 
0.26595E  03 
0.56916E  03 
0.273235  03 
■0.35C46E  03 
■0.75905E  03 
0.307706  02 
C-.59273E  02 


•0.48336E  00 
C.67749E  00 
0.56577E  00 
C.12108E  01 
0.581256  00 
■0.74554E  00 
.16148E  01 
•C. 654576-01 
•C. 126106  00 


A-33 


NATIONAL  FORGE  VD  ROTARY  FORGED  ORCFCH 


SOURCE  OF 
VARIATION 

TOTAL 

REGRESSION 

RESIOUAL 


OF 

2 

1 

1 


SUM  OF  SQUARES 

CORR.  -ORIGINAL 

FORM  UNITS 

1  0.1529E  08 

C.997264E  CO  C.152447E  08 


0.273567E-02  C.41819.1E  05 


ANOVA  TABLE 

MEAN  SQUARE' 

CORR.  ORIGINAL 
FORM  UNITS 


0.997264E  00  0.152447E  03 

0.273567E-02  0.418191E  05 


F 


0. 364541E  03 


VAR 

NO. 

2 


VARIABLE! S>  ENTERED  -  2, 

PERCENTAGE  OF  VARIATION  EXPLAINED  -«  3.9973E  02 

STANDARD  DEVIATION  OF  RESIOUALS  -  0.2045E  03 

DETERMINANT  VALUE  -  0. 100CCE  01 

DECODED  8  LIMITS  STANOARD 

COEFFICIENT  UPPER/LOHER  ERROR 

0.282512E-01  C.4 73521E-01  0.147967E-02 

0.945025E-02 


PARTIAL 

F-TEST 

0.364541E  03 


CONSTANT  TERM  IN  PREDICTION  0.273973E  04 


I-  ; 


NATIONAL  FORGE  VD  ROTARY  FORGEO  BREECH 

RESIOUAL  ANALYSIS 


fe  i 

OBS. 

NO. 

OBSERVED 

Y 

PREDICTED 

'  Y  RESIOUAL 

NORMAL  DEVIATE 

S  s 

R'  1 

1 

0.19321E 

35 

C.19456E 

05  -G.13529E  03 

-C.66157E  00 

I  1 

2 

0.19044E 

05 

18892E 

05  0.15237E  03 

C.74508E  00 

t  T 

Sot  * 

3 

0.1440CE 

05 

14417E 

05  -C.17C70E  02 

-C. 83475 E-Ol 

A- 34 


MU22LE  6R  Ktc  KIC  8.08.0 

ANOVA  TABLE 

SUM  OF  SQUARES  MEAN  SQUARE 

SOURCE  OF  CORR.  ORIGINAL  CORR.  ORIGINAL 

VARIATION  OF  .  FORM  UNITS  FORM  UNITS  F 

-TOTAL  37  l  0.6938E  09 

REGRESSION  2  :.317977E  00  0.567345E  09  0.408988E  00  C.283673E  09  0.786414E  02 

RESIDUAL  .  35  182  ‘ 23E  00  0.126251E  09  0.520067E-02  0.36C716E  C7 

VARIABLEIS)  ENTERED  -  2,  1, 

PERCENTAGE  OF  VARIATION  EXPLAINED  -  0.8183E  02 

STANDARD  DEVIATION  OF  RESIDUALS  -  0.1899E  04 

DETERMINANT  VALUE  -  7.7525CE  TO 

VAR  DECODED  6  LJMITS  STANDARD  PARTIAL 

NO.  COEFFICIENT  UPPER/LQWER  ERROR  F-TEST 

1  -0.27C986E  V  G.268296E  CO  0.265643E  00  0.1C4C63E  01 

-0.810267E  CO 

2  C.298795E-C1  '  0.352235E-01-  0.263242E-02  0.128836E03 

0.245354E-01 

CONSTANT  TERM  IN  PREDICTION  C.I80&91E  04 


A-35 


MUZZLE 


BR  KIC 


KiC  8.08.5 


RESIDUAL  ANALYSIS 

OBS. 


• 

OBSERVED 

Y 

PREDICTED 

i  Y  RESIDUAL 

NORMAL  DEVIATE 

1 

0.2C449S 

05 

' .2*329= 

35  0. 14932c 

r  > 

3.738336-01 

2 

0.12996E 

m  5 

'.14121= 

05  -0.112526 

04 

-0.59 2346 

CO 

3 

0.20164E 

05 

3.221:5= 

35  -0.194186 

•34 

-‘.122196 

Cl 

A 

0.13924E 

05 

:-.l  5*055 

35  -0.1*8106 

04 

-I  .569156 

Oo 

5 

0.213166 

05 

*  .  2T  45E 

05  0.12713E 

C-4 

C .669396 

00 

6 

0.13689E 

05 

5. .1 63  84= 

05  -0.269546 

04 

-2.14192F 

Cl 

7 

0.1368SE 

05 

‘.147  :e 

->5  -0.  131.385 

C4 

->.532226 

cc 

e 

0.12769S 

C5 

14S47E 

05  -0.22783E 

■>  s 

-2  .129436 

01 

9 

0,228016 

05 

* .234156 

35  -3.614176 

03 

-.*. 323386 

00 

1C 

0. 17e><!9E 

f>5 

“• 16*85= 

35  C. 16041 6 

04 

0.8646 IE 

00 

11 

0.17689E 

•J  Is 

:. 12712= 

35  0. 49774= 

04 

.262076 

Cl 

12 

0.18225c 

05 

*.15869? 

35  0.233616 

04 

■  .123236 

Cl 

13 

0.18225E 

CS 

'.14121= 

35  0.41342  6 

04 

3.216086 

Cl 

14 

C.17424E 

55 

1.16385= 

05  0.123966 

04 

3.54736E 

CO 

15 

0.17424E 

05 

*.13639= 

35  C. 378476 

•24 

0.19928E 

01 

16 

0.98'JlCE 

04 

*.12139= 

05  0.233836 

34 

-3.121546 

01 

17 

0.98C1CE 

C  4 

*.95187= 

24  C. 282296 

03 

I  .14863E 

cc 

18 

0.1C2C1E 

05 

0. 1 1988E 

05  -0.178746 

04 

-0.941126 

Co 

19 

C . 102D1E 

05 

■* .  10282E 

05  -2. 8' 6416 

02 

.424596- 

-Cl 

20 

0  8836CE 

04 

■*.11582= 

05  -0.274586 

04 

-0.144576 

01 

21 

0.9.r36C6 

04 

3.97933c 

04  957326 

C  3 

.534046 

00 

22 

0.9459CE 

04 

0.11512E 

05  -C. 210326 

04 

-0.110746 

01 

23 

0.94  -9CE 

04 

"•988526 

34  — 3.47622E 

33 

-  .250746 

Cl 

26 

0.102016 

C5 

'.l^BSE 

25  -3.384196 

03 

-2.222296 

CO 

25 

0.1020  IE 

05 

*.97*126 

34  C.49976E 

03 

: .263146 

CC 

26 

0.14884E 

05 

*.13277= 

05  0.16071= 

04 

C.94619E 

00 

27 

0.14884= 

05 

* . 141 3*5 

35  0.783776 

33 

• .412676 

CC 

28 

C.169CCE 

•55 

.  16255E 

05  0.644656 

03 

0.3 3942 E 

CO 

29 

0. 169036 

C  5 

*.154  '2  = 

*5  :. 149826 

34 

C .788756 

CO 

30 

0.10609= 

05 

•?.  1  31 39S 

35  -0. 25 301 E 

04 

-0.133216 

01 

31 

0.7396CE 

24 

-.59157= 

04  0. 148236 

.34 

0.779416 

C  w 

32 

0.11025E 

05 

*.11278= 

■35  -0.253306 

03 

-0.133376 

GO 

33 

0. 110256 

C5 

* . 11395E 

25  -0.36987= 

03 

.194756 

oc 

34  • 

0.11664E 

05 

0.11947= 

05  -01282606 

03 

-0 .14879E 

00 

35 

0. 7744CE 

04 

' . 66313E 

34  C. 11 1276 

04 

2.58584E 

03 

36 

0. lOCOCc 

05 

0.11278= 

35  -0.12783E 

04 

-0.67305E 

cc 

37 

0.8100CE 

“4 

*.341566 

34  -C.31563E 

03 

. 16618E 

00 

38 

0.7744CE 

04 

3.8495*6 

34  -C. 751f,iE 

03 

-0.395426 

CO 

\ 


A-36 


Mtt  wu»wr<iriir  ra<NwwtoWi?a«w  %*a  rM-j^nrx  m*w  **fJ*vTJ**'' '**?** 


CREECH 


8R  KIC 


KIC  . 


8  .  C  8 . 


ANGVA  TABLE 

SUM  OF  SQUARES  KEAN  SQUARE 


SOURCE  OF 
VARIATION 

OF 

CORR. 

FORM 

ORIGINAL 

UMTS 

CORR. 

FORK 

ORIGINAL 

UNITS 

F 

f 

TOTAL 

44 

1 

0.3892E  09 

REGRESSION 

2 

C.433396E  Tin 

1. 138155= 

’.241699=  i 2 

j.94„773£ 

C  8 

9.1965C1E  02 

RESIDUAL 

42 

:.S’66'4£  or 

.2' 1083E  09 

C . 123001 E-C l 

3.478762= 

07 

VARIABLE!  SI  S'tT'-H'.  -  2,  1, 

PERCENTAGE  OF  VSR  I  1TI  ON  F<PLAIN£D  -  43345  02 

STANDASO  DEVIATION  ''F  RESIDUALS  -  0.21885  04 

DETERMINANT  VALUE  -  r. 98362=  re 

VAR  DECK'S?  8  LIMITS 

NO.  COEFFICIENT  UPPcR/LOwER 

1  -C.S'aTTSE-D!  0. 4106785  0*A 

-o. 571233F  r: 

i  c.i?4:24g-.i  :.i64746S-:i 

0.835028E-D2 

CONSTANT  TERM  IN  PREDICTION  0.92C461E  04 


STANDARD 

ERROR 


PARTIAL 

F-TEST 


C.243276E  00  C.1C8890E  OG 


0.2012P5E-C  2  C. 38:266c  02 


,  .  ■%. 


..  v-,''  >-  *.«' 


BREECH 


BP.  KIC 


8.08.0 


RESIDUAL  ANALYSIS 


OBSERVED  Y  PREDICTED  Y  RESIDUAL  NORMAL  DEVIATE 


I 

0.219045 

05 

■*•.187226 

05 

0.318176 

34 

• .14541= 

01 

2 

0.198815 

05 

'.19443= 

'IS 

1,441256 

03 

I .231666 

00 

3 

C.2C449E 

05 

'■.236*26 

05 

-7. 1^2656 

03 

-. .697 646-3 1 

4 

0,204495 

05 

''.2:1526 

05 

-3.5*29ff£ 

03 

.229876 

•D-. 

5 

0.17161E 

05 

o.i6 

05 

0.1*7175 

04 

•48931E 

Co 

6 

0.1368SE 

05 

*•.16  &9E 

*•5 

-f.24.V3E 

04 

--  .109736 

Cl 

7 

0.2251:= 

C5 

'>.202516 

05 

-.224876 

04 

•  1 J277E 

•Jl 

8 

0.18496= 

05 

■'.2.*332t 

05 

1S359E 

4 

-I  .839066 

00 

9 

0.14641= 

05 

•*.183596 

05 

-1.374646 

54 

-  .171316 

0  1 

U 

0.14641E 

05 

18  43= 

•*‘5 

-0.34322 E 

04 

-  .155496 

01 

n 

0.219045 

05 

‘  .  1  °*2  8c 

n 

0.247616 

C4- 

.113176 

Cl 

12 

0.18225= 

05 

-  ♦  lSN'-lS 

05 

.16  76C6 

04 

-0.76S97E 

GO 

13 

0.19321= 

05 

".1439*= 

05 

C. 493106 

5* 

. .225366 

w*  1 

14 

0.19044= 

05 

rt.14ll6t 

05 

C. 492856 

04 

- .22524E 

01 

15 

C.144C Cs 

05 

' .12123c 

•:s 

5 .227706 

04 

'.i:406E 

01 

16 

0.17956= 

05 

'.16:194  = 

05 

C. 166206 

04 

5.759606 

00 

17 

0.179565 

)5 

'".152  55 

05 

.'. 275^96 

04 

•12572E 

Cl 

18 

0.184965 

05 

'.16929E 

'•5 

156736 

04 

. .716296 

05 

19 

0.18496E 

CS 

.17646= 

*5 

;. 8406 5 6 

03 

5.338406 

Do 

25 

0.18769= 

05 

•  .17396= 

05 

C. 14725 £ 

04 

. .67298E 

00 

21 

0.18769= 

05 

".16=452 

•*5 

C. 22241= 

34 

5.10165E 

22 

0.17424= 

05 

.165455 

05 

37912= 

■53 

-.451786 

0. 

23 

0.17424E 

0  = 

-'.16-69-* 

-5 

..12549= 

04 

. .573536 

00 

24 

0.13456= 

05 

1.151 77= 

05 

-C. 172066 

04 

-C .79633= 

00 

25 

0.13456= 

05 

'.14792= 

15 

-  .132626 

•04 

>61366  6 

00 

26 

0.13924= 

05 

’ . 1 51 35c 

05 

--*.121116 

54 

.553516 

CO 

27 

0.13924= 

05 

i,15*94£ 

'■5 

-3.15608E 

04 

-  .71746E 

■35 

28 

0.14161= 

05 

'’•1  '•=  086 

05 

-0.24667= 

03 

--•.11274E 

DO 

29 

3.141615 

05 

-  .14792= 

15 

-..631166 

:  3 

.28846E 

<f  / 

33 

.  C. 12769= 

05 

.14  34^6 

05 

157976 

04 

-'  .721976 

0, 

31 

0.127695 

35 

*. 14,?9£ 

05 

-*■•  H5986 

34 

-.-.895706 

00 

32 

0.144CC5 

05 

r • 14466= 

05 

-C. 26539= 

03 

--■.121526 

CO 

33 

0.1443JE 

05 

*.15  422 

05 

-C.64169E 

53 

--  .293276 

CD 

34 

0.17161E 

05 

’.157186 

35 

v. 144326 

04 

, .659596 

Ov 

35 

0.17.161  = 

05 

*.15346= 

05 

'■■.181476 

04 

. ,829376 

00 

36 

O.l&'OCt 

05 

'.14776c 

05 

-C.26764C 

04 

-3.122326 

Cl 

37 

0.15129= 

05 

-.157296 

05 

59996E 

03 

-5  .27420S- 

00 

38 

0.184966 

35 

*.17-056 

05 

■1  - 14913  = 

04 

3.631576 

05 

39 

0.17YA9C 

/>C 

v 

‘.1*0816 

!$ 

-0.18125E 

34 

-5.82835E 

CO 

40 

0.12769= 

05 

:.15=C5= 

35 

-C. 333626 

04 

--.138766 

01 

41 

C. 123215 

35 

-.147912 

05 

--.247-14E 

04 

.112906 

V  1 

42 

C. 141616 

05 

" . 14116E 

05 

0.454576 

»2 

.2C775E-5 1 

43 

0.11236E 

05 

* . 147916 

05 

-.*•  3S5S4E 

"*4 

-  .162496 

01 

44 

0.18225= 

05 

:. 173516* 

05 

0.87416= 

•3 

u .399516 

00 

45 

0.156255 

05 

C. 164816 

05 

-0.35604= 

03 

-*..391236 

05 

A- 38 


ALL  DATA 


BR  XI C 


KIC 


8.08.0 


ANOVA  TABLE 

•  SUU  OF  SQUARES  MEAN  SQUARE 

CORR.  ORIGINAL  CORR.  ORIGINAL 

FORM  UNITS  FORM  UNITS  F 

1  :.1281E  10 

.644  243  DO  ‘-.824761=  09  0.3223126  00  0.412381E  09  0.7236716  02 
.  355  J763  n'  455876c  09  C.444970E-C2  C. 5698456  07 

VARIABLE! S)  ENTERED  -  2.  1. 

PERCENTAGE  OF  VARIATION  EXPLAINED  -  -.644:-E  02 

STANOAHD  DEVIATION  OF  RESIDUALS  -  3.2387c  04 

DETERMINANT  VALUE  -  :-.9R141E  !' 

VAR  DECODED  0  LIMITS  STANDARD  PARTIAL 

NO.  COEFFICIENT  UPPER/LOWER  ERROR  F-TEST 

1  0.147939E  ••  :#53»761E  3C  0.1963836  03  0.567491E--QO 

-0.242892E  •?:  ■ 

2-  C. 192:943-0:  3.224512E-01  0.162900E-C2  C. 1390553  03 

0.1596756-U 

CONSTANT  TERM  IN.  PREDICTION  -''.292888E  r-4 


SOURCE  OF 
VARIATION  OF 

TOTAL  82 

REGRESSION  2 

RESIDUAL  8' 


A- 39 


ALL  DATA  eR  KIC  KIC  8.08.0 

RESIDUAL  ANALYSIS 

OBS. 


NO. 

OBSERVED 

Y 

PREDICTED  Y 

RFSICUAL 

NORMAL  DEV  I AT 

i 

0 . 2'-449E 

05 

•  18496* 

75 

-.19526= 

•-■4 

. .81795E 

Ov 

■2 

C. 12996= 

”5 

.14518- 

05 

-C.15224E 

"4 

-v  .637756" 

O'J 

3 

0.2<:164= 

05 

'.29i:cc 

05 

C.64418E 

72 

v .269856- 

-01 

A 

0.13924= 

C5 

7.15  87; 

05 

-C. 11627= 

04 

-0.487076 

00 

5 

0.21316E 

05 

' . 186626 

*5 

•  26539E 

04 

7.111186 

01 

6 

0.13689E 

05 

-  -.163.9= 

•05 

-C. 261996 

74 

-7. 10975 E 

Cl 

7 

0.136896 

05 

'. 1467C6 

05 

-'■.981176 

•3 

-.  .41102E 

00 

8 

0.12769E 

05 

C . 155496 

05 

-C. 277856 

OV 

-.  .116406 

01 

-9 

0.228C IE 

.'5 

-.19948; 

-95 

.0. 285356 

04 

...119536 

01 

1C 

0.17689= 

OS 

'.15343= 

•05 

0.23462E 

04 

7  .982836 

0  <j 

11 

0.176896 

:5 

-.13174; 

05 

i. 451486 

7-4 

, .189136 

cl 

12 

0.18225= 

05 

*•.15655  = 

05 

C. 2577  76 

04 

. . 177666 

Cl 

13 

0.18225E 

05 

.14518= 

"5 

f .37C66E 

•74 

- .15527E 

•01 

14 

0.17424E 

05 

" .163'.  9; 

*5 

.  -.111516 

04 

. .46712E 

C  w 

15 

0* 17424E 

05 

".14544= 

*5 

C. 28799? 

04 

■ .120646 

01 

'  16 

0.98C1CE 

04 

•A.  13  ■5£ 

05 

-C.32C376 

04 

-.  .134216 

Cl 

17 

o.9e:ice 

<'i 

.11339= 

*5 

—7  .15383  = 

04 

-.644406 

o: 

18 

0,1C2"1E 

05 

'.12P186 

■'S 

-0. 26168= 

•04 

.  1  09626 

Cl 

15 

0.102: 1= 

5 

.11721= 

•7  5 

-C.  151956 

04 

-C. 636556 

CO 

20 

0.8836CE 

04 

'-.12997= 

■',5 

-:.41611E 

04 

~.  .174316 

Cl 

21 

0.6836C6 

D4 

'. 11847; 

-5 

-'-.3.1136 

04 

-7.126156 

Cl 

22 

C.54C9;S 

04 

••  .12  81  = 

05 

-  .26722= 

04 

111946 

Cl 

23 

0.94*906 

04 

-.11  35= 

05 

-0.16263= 

04 

-C.68127E 

00 

24 

0.10201= 

05 

'.12245= 

05 

-C.2  443= 

04 

-  .856366 

v’ 

25 

0.102:1= 

05 

'.1  16  77'= 

05 

-C  .  1476*6 

04 

.618306 

Ov’ 

26 

0.14d84E 

0  5 

'.13322= 

05 

C.15616E 

V4 

. .65418E 

Ci. 

27 

C.148S4E 

•'5 

'  .13652= 

:5 

(.  .1.3236 

04 

0.43243E 

00 

28 

0.1690CE 

:5 

-.15a6i= 

05 

C.13391’6 

04 

.  .56092E 

29 

C;l69-CE 

>:5 

'.15  126 

•’5 

0.-16876  = 

04 

7 .79075E 

C7 

3C 

0.1C6C9E 

05 

•  .131276 

05 

-C.25182E 

7-4 

.1C  5496 

01 

31 

0.7396CE 

04 

: .869726 

04 

-C.13C126 

04 

-C. 545096 

00 

.  32 

C. 11025= 

05 

• .1172:= 

05 

-C.69455E 

03 

-  .29096E 

0. 

33 

0.1102  5E 

05 

' .1199- = 

C5 

-C. 87484= 

03 

.366486 

Cv 

34 

C. 11664= 

05 

C.12  45E 

05 

-C. 38050c 

03 

.  15940E 

CO 

35 

0.77440= 

04 

' . 89=34; 

C4 

-C. 11994= 

04 

-0.50243E 

00 

36 

o.n::cs 

05 

-.11721= 

r>5 

-C.17196E 

04 

-..720346 

00 

37 

o.eicc-:= 

04 

'  .1  :3-.4E 

05 

-C.22C44E 

04 

-7.923456 

CO 

38 

0.774406 

04 

.1.4636 

05 

-C.27194E 

04 

-7  .11392E 

Cl 

39 

0.21904; 

05 

C.19667E 

C5 

C-.223756 

04 

0. 937306 

00 

4C 

0.19881= 

05 

•  .2*777= 

05 

-7.89582E 

03 

-.  .375276 

00 

41 

0.20449= 

05 

. '.22391E 

05 

-v  » 194206 

74 

-7.813526 

Cv 

42 

0.2-449= 

05 

r. 229336 

05 

-;.24e4iE 

04 

-7 .104066 

01 

43 

0.17161= 

C5 

■''.15H72E 

05 

0.12893= 

04 

0.54010E 

oc 

44 

0.13689= 

05 

.‘■.15872  = 

05 

-C-. 218276 

v"  4 

-7.914366 

oc 

45 

0.225CCE 

*  C 
w  -» 

.21849; 

r= 

C. 651186 

03 

7.272796 

46 

0.18496E 

.'•5 

‘.217926 

05 

-7.32957E 

04 

.138066 

01 

47 

0.14641E 

05 

0.18676= 

05 

-0.423516 

04 

-C . 17741 E 

01 

48 

0.14641E 

"5 

.  1 834.  E 

—  c 

-C. 369936 

04 

-.  .154976 

Cl 

49 

0.21904= 

0  5 

'.2*483= 

7 .  142076 

-04 

C. 595166 

oc 

5C 

0.18225= 

C  5 

'.213:76 

r  5 

-v. 378176 

04 

-7.129096 

01 

51 

0.193215 

05 

C. 12416; 

05 

•“0.69045E 

04 

0.299246 

01 

52 

0.19*446 

05 

•  .12  81  = 

05 

0.696286 

04 

.7 .29168E 

Cl 

53 

O.1440CE 

05 

-.976776 

r.  4 

0.531236 

04 

.0.222546 

01 

54 

0.179566 

05 

'.16  :ie 

"5 

:. 195486 

04 

'  .819886 

Oo 

55 

0.17956= 

05 

C. 14316= 

05 

-.363996 

74 

. .15248E 

Cl 

56 

0.18496E 

•?5 

.16891= 

■*5 

C.16052E 

04 

..672456 

00 

57 

0.18496E 

05 

-.13  Ole 

C5 

7.494936 

03 

. .20733E 

Cv 

. 

.  .r  ^  0-Jtoc 

-e 

■  1.1C.7AC. 

-'7 

_ .j.t.q; ic 

A.-. 

A-40 


59 

0.187696 

05 

'*.'.6671  = 

05 

:.2  9772 

04 

.878766 

Ov 

6'' 

0.174246 

■.•5 

.166715 

r5 

-.752736 

03 

.315336 

0* 

61 

0.174246 

05 

•.16  9-; 

•“j 

2. 133436 

C  4 

.558966 

J  , 

62 

0.134565 

*05 

.147442 

•05 

-•:.i;a83E 

-4 

- 

.539696 

0. 

63 

0.13456= 

05 

'  • 1 4 ! 49= 

05 

-  • 65329= 

'  3 

- 

.29343E 

c. 

64 

U. 13924c 

:5 

*.14115= 

"5 

.191  2  = 

'3 

.a^oe- 

1 

65 

0. 139245 

05 

'  .1467*  = 

"5 

-1 .746176. 

03 

.312586 

0». 

66 

0.141615 

•5 

* . 1 3554= 

C5 

..606746 

03 

v 

.254176 

oc 

67 

0.141615 

05 

.141495 

■=5 

C. 117116 

32 

.491596-02 

68 

■3. 127695 

*•5 

.  1  3.'67l 

'5 

-C.  5*98482 

-.'3 

.250716 

•“  - 
U  s* 

69 

0.127695 

05 

*.13=56= 

•-5 

-•..118686 

04 

- 

.497156 

0; 

72 

0.144:;= 

05 

.13763= 

05 

•1.63664  = 

03 

.26670= 

CO 

71 

0.1440:5 

05 

.14-45.* 

'5 

•0.55:  63  = 

a2 

. 230665-l 1 

72 

u. 17161= 

05 

'  ,lR2-=-’c 

*•5 

•..196*26 

■•4 

.780946 

•*  X, 

73 

0.171615 

05 

.'.147225 

=5 

0.243916 

*4 

. 102186 

Cl 

74 

0.1210:5 

>5 

'  .1356':- 

04 

-0. 145<>96 

04 

.6H556 

Co 

75 

0.151255 

is 

•.141362 

*5 

. .993132 

03 

•4 1603E 

i. 

76 

0.184965 

05 

.16733= 

*>5 

-.176285 

**4 

.738476 

C  V 

77 

0.127695 

05 

'.129H3: 

05 

- .  . 214 ‘ 56 

*3 

.896676- 

-01 

78 

0.12769= 

05 

•-*.14696= 

05 

-C.  192712 

04 

. 817296 

ec¬ 

79 

0.123215 

:5 

'.131272 

*5 

1-.  .8  6136 

03 

- 

.337726 

u'. 

80- 

0.141615 

05 

.12  =1= 

05 

C. 207986 

.04 

.871246 

81 

0.112365 

05 

•  .13127= 

*•5 

--.139126 

*.4 

-  ‘ 

.792246 

W  J 

82 

0.182256 

05 

'  .17269= 

05 

0.936116 

*3 

* 

.4: 0536 

00* 

83 

0. 15625E 

05 

'.157422 

'5 

-0.117:56 

03 

.490356-01 
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TECHNICAL  REPORT  INTERNAL  DISTRIBUTION  LIST 

NO.  OF 
COPIES 


COMMANDER  1 

CHIEF,  DEVELOPMENT  ENGINEERING  BRANCH  1 

ATTN:  DRDAR-LCB-DA  1 

-DM  1 

-DP  1 

-DR  •  1 

-DS  1 

-DC  1 

CHIEF,  ENGINEERING  SUPPORT  BRANCH  1 

ATTN:  DRDAR-LCB-SE  1 

'  -SA  1 

CHIEF,  RESEARCH  BRANCH  2 

ATTN:  DRDAR-LCB-RA  1 

-RC  1 

-RM  1 

-RP  1 

CHIEF,  LWC  MORTAR  SYS.  OFC.  1 

ATTN:  DRDAR-LCB-M 

CHIEF,  IMP.  SIMM  MORTAR  OFC.  1 

ATTN:  DRDAR-LCB-I 

TECHNICAL  LIBRARY  5 

ATTN:  DRDAR-LCB-TL 

TECHNICAL  PUBLICATIONS  5  EDITING  UNIT  2 

ATTN:  DRDAR-LCB-TL 

DIRECTOR,  OPERATIONS  DIRECTORATE  1 

DIRECTOR,  PROCUREMENT  DIRECTORATE  1 

/ 

DIRECTOR,  PRODUCT  ASSURANCE  DIRECTORATE  1 


NOTE:  PLEASE  NOTIFY  ASSOC.  DIRECTOR,  BENBT  WEAPONS  LABORATORY,  ATTN: 
DRDAR-LCB-TL,  OF  ANY  REQUIRED  CHANGES. 


